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Abstract 
The study was carried out on 65 non-pregnant adult camels. Both right and 
left ovaries were collected during rainy season, winter and summer seasons. 
Ovaries were examined grossly, weighed and processed for histological and 
ultrastructural investigations. 
Quantitative analysis revealed that the left ovary was much heavier than right 
one during all seasons. The highest weight of both ovaries was observed in 
autumn (4.89 cm³ ±1.86 and 4.18 cm³ ±1.14) for the left and the right ovary 
respectively while the least was noted in winter (3.19 cm³ ± 1.10 and 3.43 
cm³ ±1.34). Histological observations revealed that the ovary of the camel is 
generally similar to those described in other domestic animals. Clusters of fat 
laden lutein cells were embedded in the cortical stroma replacing the 
regressed corpra lutea. The presence of such cells is suggestive of a role 
similar to that of the interstitial gland cells known in other animals. 
Atretic antral follicles exhibited vacuolated follicular cells with pyknotic 
nuclei which were either condensed and crescent shaped, or rounded with the 
chromatin peripherally located. Medullary tubes with secretion were 
narrower than the empty ones. These variations were closely linked with 
season. 
 Analysis of the Morphometrical data showed clear seasonal variations of the 
volume fraction and absolute volume of ovarian cortex and medulla. The 
volume fraction of cortex as well as absolute volume were much higher 
during autumn (66.84%) and (2.62 cm³±0.36) respectively compared to those 
of other seasons. The comparison between left and right ovary revealed that 
the mean absolute volume of cortex is quite similar in both the left and right 
ovaries respectively (2.20 cm³ ±0.52 and 2.16 cm³ ±0.45) i.e. ovarian activity 
of both the right and left ovaries is essentially the same.  
In the large cystic follicles, the ultrastructural features of the granulosa cells, 
indicated that necrosis is the dominant cell death during follicular atresia. 
Ultrastructural features of the ovarian components showed no variations 
related to season. 
Considering both, the histological observations and morphometric data, 
female camels are considered as seasonal breeders and hence breeding 
season in Sudan being in summer and reaches its peak in autumn. It is 
difficult to explain why this activity is not synchronized with the rutting 
season of the male camel which occurs during winter.   
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 CHAPTER ONE 
Introduction  
 
Studies on reproduction play an important role in the propagation and 
performance of livestock. The camel seems to have received little attention 
compared to what has been established in other domestic animals. Search in the 
literature has shown that such studies on the reproductive organs of the female 
camel have been carried out by Leese (1927), Tyeb (1948, 1950), Shalash 
(1965), Abdalla (1965), Musa (1969, 1979), Musa and Abusineina (1978), 
Omer, Ismail and EL-Hariri (1984), EL-Wishy (1988), Mutugi, Olaho-Mukani, 
Kutu, Alushula and Njogu (1992), Mohammed (1996), Yahaya, Takashi, 
Matsuoko and Alaku (1999), Sghiri and Driancourt (1999) and Salman (1991, 
2001). Most of these studies have described the gross features of the camel 
ovary thoroughly. 
Although the camel is considered as a seasonal breeder, the available 
information about the breeding season is rather conflicting. Findings based on 
slaughterhouse material in Egypt (Shalash, 1965), Sudan (Musa, 1969) and 
Saudia Arabia (Arther and Al-Rahim, 1982) have shown that the camel is a 
polyoestrous breeder. However, there are certain months during which the 
ovarian activity is very low while, in others is very high. Musa and Abusineina 
(1978) stated that the ovarian activity with follicular development starts in 
February / March and ends in about mid August. Furthermore, the ovarian 
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activity is higher during the cold seasons of November / December rather than 
the post rainy seasons of September / November (Yahaya et al., 1999). 
According to Shalash (1965), there are high significant differences in the 
ovarian activity between months as well as seasons of the same year; since most 
of the activity in Egypt occurs from December to May. 
Seasonal effects on camel fertility and ovarian follicular growth have 
been reported by Sghiri et al. (1999) in Morocco. They stated that camels are 
seasonal breeders with a clear non-breeding season extending from June to 
October and actual breeding season extending from October to May. 
In Kenya, there are two breeding seasons, both rainy; April–June and 
October–January. This observation has been attributed to the wet season which 
increases the breeding opportunities (Mutugi et al., 1992). A clear geographical 
variation concerning the timing of sexual activity of the dromedary has been 
reported in different countries. In Somalia for example, the breeding season is 
from April to May (Mares, 1954). It extends from December to March in 
Tunisia, October to April in Saudi Arabia (Abdel-Rahim and El Nazier, 1990), 
December to March in Pakistan (Yasin and Wahid, 1957) and November to 
February in India (Singh and Parkash, 1964). 
The morphological features of the ovarian large follicles are unaffected 
by season but the follicular maturation demonstrated clear seasonal effects 
(Sghiri et al., 1999). EL Wishy (1988) stated that ovaries with large follicles 
represented 20.7% and ovaries with small ones 18.3% while non- functional 
 3
ovaries represented 61.0% out of the total non-pregnant organs examined. He 
added that season does not exert any significant influence on the frequency of 
these groups. Cystic follicles have been described by Tibary and Aonuassi 
(1996) who reported that there is a clear interference of such follicles with camel 
breeding, since they had lost their ability to ovulate following human chorionic 
gonadotropic hormone (H C G) administration. Sghiri et al. (1999) stated that 
the proportion of females with cystic follicles was affected by season and 
peaking during the late breeding season (April-May).   
I.1. Histology: 
The ovary of the camel is covered by a single layer of low cuboidal cells 
except in the hilus. Underneath, there is a narrow zone of tunica albuginea 
which is made up of dense irregular white fibrous connective tissue (Abdalla, 
1965). Tyeb (1948) stated that the graafian follicles are formed by such 
epithetlial cells. Two zones are distinguished in the ovary of all domestic 
animals; an outer layer, the cortex and an inner layer, the medulla. However, in 
the mare these layers are reversed and the cortical tissue is limited to the 
ovulation fossa which is covered by cuboidal surface epithelium (Priedkalns, 
1981; Banks, 1993). According to Novoa (1970) and EL-Wishy and Hemieda 
(1984) the position of cortex and medulla of camel are similar to those of other 
domestic animals. 
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Interstitial gland cells, considered as steroid producing cells, have been 
described in human by Fawcet (1986) and Cormack (2001) and also in those of 
the bitch, queen and rodents (Dellmann and Eurell, 1998). Salman (2001) 
described a population of cells similar to the interstitial gland cells among 
cortical stroma of camel ovary. 
Primordial and growing follicles in the ovarian cortex of the camel have 
been described by Tyeb (1948), Abdulla (1966), Nawar, Abul-Fadle and 
Mahmoud (1978), Mohammed (1996) and Salman (2001). They concluded that 
ovarian follicles of the camel are morphologically similar to those of other 
domestic animals studied (Asdell, 1955; EL-Shafey, 1972). The primary follicle 
is formed of cuboidal or columnar follicular cells encircling the oocyte, and 
shows an outer investment of cortical stroma (Nawar et al., 1978). 
Follicles of different sizes in the camel's ovary have been studied by 
Shalash (1965), Sghiri et al. (1999) and Salman (2001). The structure of the 
growing follicles is similar to that found in other domestic animals. These 
follicles are made up of stratified epithelium lining the follicular cells and 
surrounding the ovum (Abdo, AL-Janabi and Kafawi, 1969). In the large 
follicle, the theca interna cells are larger than the granulosa cells. A layer of 
blood vessels on the limit between the granulosa and the theca interna cells is 
conspicuous (Tayeb, 1948). The presence of two oocytes in one graafian follicle 
of camel has been reported by Mohammed (1996). McDougall, Hay, Goodrowe, 
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Gartley and King (1997) studied the bitch ovary, and noted the presence of 
polyovular follicles at prepubertal ages which persisted into maturity. 
Atresia of ovarian follicles is an important process, as it accounts for the 
loss of over 99% of oocytes in the mammalian ovary (Byskov, 1978). It is first 
recognized by the presence of pyknotic nuclei in the membrana granulosa or 
antrum, indicative of cell death (Rajakoski, 1960). In more advanced stages of 
atresia, the granulosa cells have degenerated, and the follicular fluid is filled 
with cellular debris (Rajakoski, 1960). The close relationship between granulosa 
cell death and follicular atresia has led to intense investigation of the mechanism 
by which granulosa cells die (Murdoch, 1995; Tilly, 1997; Asselin, Xiao, Wang 
and Tsang, 2000). In general, cell death occurs by one of three mechanisms: 
apoptosis, necrosis, or terminal differentiation leading to cell death, as occurs in 
the skin during keratinization or in erythropoiesis. In apoptosis, the nucleus 
typically condenses and forms buds, frequently with a crescent shape of 
condensed chromatin. These, or the fragments of cells containing them, are often 
referred to as apoptotic bodies and are the morphological hallmark of apoptosis. 
The apoptotic bodies are either phagocytosed by macrophages or, in epithelia, 
phagocytosed by neighboring cells or extruded into a lumen (Kerr, Gobe, 
Winterford and Harmon, 1995). During necrosis, the nucleus shrinks initially, 
but in contrast to apoptosis, it does not bud into apoptotic bodies. Necrosis often 
involves more than one cell, and the cellular debris is removed by phagocytic 
macrophages (Kerr et al., 1995). Terminal differentiation is an alternative 
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mechanism which occurs in selected cell types, such as red blood cells (Castoldi 
and Beutler, 1988) and the outer squamous layers of the skin (Stenn, 1983), 
involves expulsion or destruction of the nucleus before the cessation of cellular 
function leads ultimately to cell death. 
In camel, atresia of primordial, primary and secondary follicles is 
characterized by pyknosis and fragmentation of the nuclei of both the oocyte and 
the surrounding follicular cells. Fragmentation and complete disappearance of 
the zona pellucida in the secondary follicles are also observed (Mohammed, 
1996). In bovine, Van Wezel, Dharmarajan, Lavranos and Rodgers (1999) stated 
that there is a presence of pyknotic or shrunken nuclei in both the membrana 
granulosa and the antrum in atretic ovarian follicles. 
In non pregnant camels, the ovary showed a few number of intact 
growing follicles allover the year (Nawar et al., 1978). Earlier, Tyeb (1948) 
reported the presence of numerous growing follicles in the camel. The graafian 
follicles and the corpora lutea were limited in position to the cortical stroma and 
project prominently from the surface, as in the sow (Abdalla, 1965). 
In camel, Abdalla (1965) recorded that the differentiation of theca 
interna and theca externa was only seen in large follicles approaching maturity. 
Nawar et al. (1978) and Mohammed (1996) added that the corona radiata was 
absent in the ovarian graafian follicles. 
Ovarian medulla of the dromedary demonstrated nerve fibers which 
formed a rich plexus particularly in the vascular area. The central part of the 
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medulla contained a well developed artereo-veinous system (Gimbo, Germana 
and Zanghi, 1980). Additionally, large blood vessels with prominent valves are 
present in the medullary stroma which in turn is consisted of dense irregular 
collagenous connective tissue fibres and smooth muscle cells (Mohammed, 
1996). 
The ovarian vestigial structures such as medullary tubes have been 
described in camel by Shehata (1964) who stated that  medullary tubes are 
present in 80 percent of the adult camel ovaries and are lined by epithelium 
which varies from low cuboidal to columnar. He added that secretory content 
was seen in the lumina of 50% of those tubules. Mohammed (1996) stated that 
glandular acini and ducts, of different sizes and lined by cuboidal epithelium, are 
found in close association with medullary tubes, while other tubular structures 
lined by pseudostratified columnar epithelium are present in the medulla of 
camel ovary . Abdalla (1965), however, did not observe these medullary tubes in 
the ovary of camel. 
Small, firm corpora lutea, occasionally seen in the ovaries of non-
pregnant camels, are probably regressed corpora lutea resulting from infertile 
services (EL-Wishy and Hemeida, 1984). Advanced regressing of the corpus 
luteum, resulting in the formation of corpus albicans, is made up of a central 
fibrous core surrounded by a layer of numerous thick walled arteries. This 
corpus albicans often showed highly coild muscular arterioles and many clusters 
of dense yellow lutein pigments (EL-Wishy and Hemeida, 1984). Corpora 
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albicantia in the human ovary are a dominant feature, increasing in number with 
age and often appearing to occupy almost the whole ovarian stroma (Wheater, 
Burkitt and Daniels, 1979). The regression of the corpus luteum is found to 
occur in the dromedary in two different ways, termed vascular and avascular 
types. Sometimes the two types of regression are demonstrated in the same 
ovary (Nawar et al., 1978).                                  
1.2 Electron Microscopy: 
There is a little study concerning the ovarian ultrastructure of the camel. 
Additionaly most of these studies were carried out in pregnant animals. 
Nili, Mesbah, Kafi and Nasr Esfahani (2004) examined the ultrastructure 
of the camel ovary and reported that the immature oocyte is morphologically 
similar to that of other mammalian oocytes, except for minor small differences in 
the cumulus oocyte complexes.  
The fine structure of the corpus luteum has been described by Nayack 
(1978) and Mohammed (1996). The former states that the cytoplasmic 
components of the camel luteal cells displayed organelles usually associated with 
steroidogensis and protein synthesis. The corpus luteum contained two types of 
cells designated as large and small luteal cells. 
In the pregnant camel, the ultrastructure of the ovarian stromal cells has 
been described by Salman (2001) who stated that these stromal cells are 
fibroblasts, plasma cells, plasma cell-like and polymorph nuclear leukocytes. 
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Channing (1969) stated that the human ovarian stromal cells resemble fibroblasts 
in morphology and growth characteristics with a steroid secretory function less 
than that of thecal cells in tissue culture. There is an interaction between the 
ovarian surface epithelium and adjacent extracellular matrix in human (Kruk, 
Uitto, Firth, Dedhar and Auersperg,  1994). 
Mestwerdt, Muller and Brandau (1977) studied the human ovary and 
stated that intraplasmatic filaments are found in the cytoplasm of granulosa cells 
of primordial, primary and secondary follicles whereas in the resting tertiary 
follicles, the majority of the follicular granulosa cells are proteinsynthetic active 
cells with abundant rough endoplasmatic reticulum. 
In the available literature on camel ovary, ultrastructural description of 
natural regression of the corpus luteum has not been reported in association with 
recent advances in the knowledge of different forms of cell death. In contrast, 
many recent investigations are available in other domestic animals; for example, 
in cattle by Juengel, Graverick, Johnson, Youngquist and Smith (1993) and in 
mare by Al-zi'abi, Fraser and Watson (2002). However, the precise cellular 
mechanism involved in luteolysis is not fully understood yet.   
1.3 Morphometry: 
Sghiri et al. (1999) investigated the camel ovary morphometrically, and 
stated that ovulaory follicles contain between 7 to 10 million of granulosa and 
theca cells. 
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In sheep, O'Shea, Wrigh and Davis (1987) recorded that there was a 
similarity between the number of granulosa cells per follicle and the number of 
large luteal cells per corpus luteum and thus supports the hypothesis that large 
luteal cells are derived from granulosa cells. 
The aim of this study is to examine the effect of season on the 
morphology and morphometry of the camel's ovary and in turn, their effect, if 
any, on the onset of the breeding season in the Sudan.   
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CHAPTER TWO 
II. Material and methods 
 
The study was carried out on 65 adult non-pregnant she-camels 
(Camelus dromedarius) obtained from Elbuga’a slaughterhouse west of 
Omdurman city in the Sudan. The age was in the range of 7-13 years as 
determined by dentition (Wilson, 1984). 
II.1. Gross features and weight 
Both right and left ovaries of 24 animals were collected during the rainy, 
winter and summer seasons; each season was represented by 8 animals. The 
position of the ovaries was examined before removing the genitalia from the 
carcasses. Removed ovaries were then examined grossly. Ovarian weights were 
determined using a digital laboratory sensitive balance. The mean ovarian weight 
in the different seasons was then calculated. 
II.2. Histology 
For histological investigation, tissue samples were collected from right 
and left ovaries (taken about25 minutes after slaughter) of 36 animals all over the 
year (3 animals per month). 
The ovaries were divided into two halves by longitudinal incisions 
through the hilus, medulla and cortex. One half of each ovary was chosen 
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randomly and sliced into three equal parts. All blocks were immersed in different 
fixatives including 10% formal saline or Bouin’s. 
Tissues were processed by routine histological technique, dehydrated 
and embedded in paraffin wax melting point 58-60 C° (Culling, 1974). Sections 
were cut at 5-7 um thickness using a rotary microtome and then sections were 
stained with: 
1\ haematoxyline and eosin for general histological studies (Bancroft and 
Stevens, 1996). 
2\ Masson’s trichrome and Vangeison’s for the demonstration of collagenous 
and smooth muscle fibres (Culling, 1974). 
3\ Verhoff’’s haematoxyline and aldehyde fuchsin stains for the demonstration 
of elastic fibres (Bancroft and Stevens, 1996). 
4\ Gomori’s reticuline method for reticular fibres (Drury and Wallington, 1980; 
Bancroft and Stevens, 1996). 
Stained sections were examined under a binocular light microscope 
(Olympus CH20).  
II.3. Ultrastructural studies 
 Nine animals were used for ultrastructural investigations using the 
transmission electron microscope technique; each season was represented by 
3animals. Samples for both ovaries were removed as soon as possible after 
slaughter.  The specimens were cut into small blocks and immersed in a fixative 
of 2.5% gluteraldehyde and phosphate buffer (1:4) (Glauert, 1974). The fixed 
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tissue was washed in 0.2 M cacodylate buffer and then blocks were treated with 
2%M osmium tetroxide for two hours, Uranyl acetate in 0.69% malic acid for 
one hour and then dehydrated in ascending gradates of alcohol, cleared in 
propylene oxide, and embedded in TAAB resin. 
Semi-thin sections were cut using a Reichert ultra-microtome and stained 
with buffered toluidine blue, examined with the light microscope and the desired 
areas were chosen. Ultra-thin sections were cut and mounted on uncoated copper 
grids, stained with lead citrate and uranyl acetate and examined in Hitachi H-600 
electron microscope. 
II.4. Morphometry 
Specimens of the right and left ovaries from 9 animals were used for this 
study; each season was represented by three animals. The volumes of the ovaries 
were measured using the water displacement method (Aherne and Dunnill, 
1982), and then they are utilized to measure the volume fraction and absolute 
volume of ovarian cortex, medulla, intact and atretic antral follicles and 
medullary blood and lymphatic vessels.  
Transverse slices of each slide were obtained so as to include both cortex 
and medulla. Sections were processed for routine histological sections and 
stained with haematoxyline and eosin. The appropriate parts  were chosen for the 
point counting using 100 square lattice grid (Olympus) of 121 intersections (11X 
11) equipped  with objective piece (X10) and (X40) and eye piece (X10). The 
grid was superimposed randomly in each slide as to estimate the volume fraction 
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of the cortex and medulla and their selected components for measurement (Fig. 
1). The optimal points which must fall in the targeted tissue with given standard 
error were determined from the equation given by Aherne and Dunnill (1982). 
RSE=  
n
Vv−1      
While 
RSE = Relative standard error 
Vv    = volume fraction 
n     = number of points  
Hence 10 fields of superimposition grid on the tissue side of each section 
proved satisfactory to give standard error below 5%.   
Sections were chosen for the determination of volume fraction and 
absolute volume of cortex and its components as well as intact and atretic antral 
follicles. The intact antral follicles were identified by their intact granulosa cells 
layer whereas the atretic ones showed different signs of atresia of the granulosa 
cells layer as well as antrum. Late atretic antral follicles which were completely 
replaced by cortical stroma and characterized by the absence of antrum were 
neglected in the point counting. The volume fraction and absolute volume of the 
medulla and medullary blood and lymphatic vessels were also measured.  
Thus: absolute volume of each components = V X Vv. 
While 
V= the absolute volume of the organ 
Vv= volume fraction of the components 
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The statistical analysis of the data obtained by the point counting was 
restricted to the calculation of the mean and standard deviation (Weible, 1963). 
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CHAPTER THREE 
Results 
 
III.1. Gross features and weight 
The ovaries of non-pregnant adult camels were always observed in the 
caudal part of the abdominal cavity just cranially to the pelvic inlet in the 
sublumbar region between the sixth and seventh lumbar vertebrae. The ovary 
was enclosed by the ovarian bursa which opened medially. The well developed 
ovarian ligament was observed extending from the hilus on the dorsal border of 
the ovary to the dorsal surface of the broad ligament (Figs. 2, 3). 
The ovarian surface was irregular as the developing follicles and corpora 
albicantia were protruding out of the surface. The shape of the ovary varied from 
bean-shaped to irregular due to the variation in size of both mature follicles and 
corpora albicantia. The colour was whitish with transparent follicles in 
nilliparous animals while in multiparous ones, it was slightly reddish with 
whitish areas representing corpora albicantia (Fig.4).     
III.1.1. Autumn 
The weight of the left ovary varied from 2.8 to 8.3 gm with an average 
of 4.89 ±1.86 gm and right ovary varied from 2.4 to 5.8 gm with an average of 
4.18 ±1.14 gm (Table 1). 
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III.1.2.Winter 
The weight of the left ovary varied from 2.8 to 6.1 gm with an average 
of 3.91 ±1.10 gm and right ovary varied from 2.1 to 6.4 gm with an average of 
3.43±1.34 gm (Table 2). 
III.1.3. Summer  
 The weight of the left ovary varied from 2.7 to 7.7 gm with an average 
of 4.43 ±1.68 gm and right ovary varied from 2.5 to 6.4 with an average of 4.09 
±1.17 gm (Table 3). 
The left ovary was much heavier than the right one during all three 
seasons and the high weight of both ovaries was found in autumn and the least 
one was found in winter seasons (Fig. III. 1). 
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Table 1: The weight of the right and left ovaries in autumn. 
Animal 
number Left ovary/ gm Right ovary/ gm 
1 4.3 3.3 
2 3.9 3.6 
3 7.2 5.4 
4 2.8 2.4 
5 4.4 4.3 
6 8.3 5.8 
7 3.8 3.7 
8 4.4 4.9 
Mean 4.89 4.18 
S.D. 1.86 1.14 
 
S.D. = Standard Deviation 
 
Table 2: The weight of the right and left ovaries in winter. 
Animal 
number  Left ovary/ gm Right ovary/ gm 
1 4.7 3.5 
2 2.8 2.4 
3 6.1 6.4 
4 3.3 2.6 
5 4 3.8 
6 4.2 3.5 
7 3 2.1 
8 3.2 3.1 
Mean 3.91 3.43 
S.D. 1.10 1.34 
 
S.D. = Standard Deviation 
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Table 3: The weight of the right and left ovaries in summer. 
Animal 
number Left ovary/ gm Right ovary/ gm 
1 2.7 3.9 
2 5.8 4.5 
3 7.7 4.8 
4 3.1 3.5 
5 3.7 3.6 
6 5.1 6.4 
7 3.4 2.5 
8 3.9 3.5 
Mean  4.43 4.09 
S.D. 1.68 1.17 
 
S.D. = Standard Deviation. 
 
Fig. III. 1. The weight of the right and left ovaries in autumn, winter and 
summer. 
0
1
2
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4
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Left ovary
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III.2. Histological observations 
The surface epithelium of the ovary was simple cuboidal. Underlying 
the epithelial layer there was a narrow zone of tunica albugenea consisting of 
dense irregular connective tissue fibres (Fig.5). Occasionally, in some ovaries, 
this tunica layer was fairly inconspicuous. 
Two zones were distinguished in the ovarian stroma; the cortex and 
medulla. The cortex was an outer layer in which ovarian follicles and corpora 
lutea in different stages of development and regression were found. Spindle-
shaped cells similar to fibroblasts and different types of leukocytes such as 
macrophages and of haematogenic origin were observed in the cortex (Fig.6). 
Lymphocytes were more in population than other leukocytes. Considerable 
amount of reticular fibres were seen in the cortical stroma (Fig.7). The 
collagenous fibres were concentrated mainly in the remnants of late atretic 
follicles and theca layer of mature antral follicles rather than the cortical 
interstitial tissue (Fig.8). 
The inner zone or medulla was lightly stained and consisted of dense 
irregular collagenous fibres and numerous coiled blood vessels with thick walls 
(Fig.9). Wide lymphatic vessels with prominent valves were also seen in large 
numbers in the medulla. Clear reticular fibres were encountered between blood 
and lymphatic vessels (Fig.10). Elastic fibres were observed only in the walls of 
blood vessels which were probably muscular arteries (Figs. 11, 12). The 
 21
medullary cells were identified as fibroblasts, smooth muscle fibres and 
leukocytes such as eosinophils (Fig. 13). 
Medullary tubes, considered as vestigial remnants, were seen in more 
than seventy percent of the number of ovaries examined. They were enclosed by 
connective tissue and lined by either cuboidal or flattened epithelial cells and 
their lumina were either empty and dilated or narrow and contained secretion. 
The narrow lumina were lined by cuboidal cells while empty ones were lined by 
either flattened or cuboidal cells (Figs. 14, 15, 16). 
The primordial follicles were rarely found in the ovarian cortex and 
were scattered near the ovarian surface. They were spherical in shape. The 
oocytes were surrounded by a single layer of flattened follicular cells and 
possessed elongated nuclei (Fig. 17). 
The intact primary follicles were found in the same area of primordial 
follicles. They were rarely seen in the different seasons. These follicles 
consisted of a single layer of cuboidal cells surrounding the oocyte with 
eccentric nucleus (Fig. 18, 19). The nucleolus of the oocyte was prominent. In 
some other primary follicles, the oocytes showed nuclei with a pair of nucleoli 
lying close to the nuclear membrane. The atretic primary follicles were 
commonly seen. They were characterized by pyknosis and fragmentation of both 
follicular cells and the central oocyte (Fig. 20). Some atretic primary follicles 
showed vacuolation in the follicular cells cytoplasm. The egg cell often 
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appeared to degenerate before the follicular wall. Later, these atretic follicles 
were replaced by the surrounding cortical stroma. 
The growing follicles in the cortex were a few in number. The oocyte 
was located at the centre of the follicle and completely surrounded by many 
layers of granulosa cells (Fig. 21). The most outer layer or membrana granulosa 
cells rested on a distinct basement membrane.  Some of these follicles, of 
different sizes, grouped together and encircled by collagenous fibres (Fig. 22). 
Thereafter, as a continuation of follicular development, small clefts were formed 
among the follicular granulosa cells. 
Considerable number of small and large antral follicles was seen among 
the ovarian cortical stroma, some of these were atretic. Intact follicles exhibited 
a multilayered granulosa cells or follicular layer resting on a clear basement 
membrane. In some antral follicles, the basal layer of the cells disposed in a 
fashion resembling a stratified arrangement. The oocyte was eccentrically 
located and surrounded by a mass of granulosa cells representing the cumulus 
oophorus. Theca folliculi interna and theca folliculi externa could only be 
distinguished in the mature antral follicles (Figs 23, 24). 
The artesia of small antral follicles was of the oblitrative type. The 
granulosa and theca folliculi layers were hypertrophied and appeared highly 
folded. Later on, these layers showed almost complete dgenerated cells. 
Thereafter, these layers were rearranged in the form of cords. Partitions 
consisting of reticular fibres of thecal origin invaded the antrum and 
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concentrated with the degenerated central components (Figs. 25, 26). Later, the 
atretic follicles were replaced by newly formed fibrous tissue of collagenous and 
reticular types. 
In the large antral follicles, atresia was either oblitrative or cystic; the 
latter was the most common. Some follicles showed early signs of degeneration 
and the oocytes were found free in the antrum surrounded by a few detached 
cumulus cells (Fig. 27). In the cystic type, degeneration of granulosa cells either 
started in the outer cells close to the antrum, or in the inner cell layer of 
membrana granulosa. In the former, the granulosa layer atrophied and showed 
gradual detachment of its degenerated cells till its thickness was reduced to one 
or two layers of flattened cells. The cells were characterized by a large amount 
of cytoplasm containing numerous vacuoles probably lipid droplets (Fig. 28). 
The nuclei were variable in size. The large nuclei were centrally located while 
the small or pyknotic ones were often observed in the periphery. The basement 
membrane was thick and hyalinized known as glassy membrane. The theca layer 
in such follicles appeared either fibrous or hyalinized (Figs.29, 30). 
The atretic antral follicles, regardless of their sizes which exhibited 
theca folliculi, consisted of more than two layers of granulosa cells; the 
vacuolated follicular cells with pyknotic nuclei were predominant. Their nuclei 
were either condensed and crescent shaped, or rounded with the chromatin 
peripherally located (Fig.31). Pyknotic nuclei of the granulosa cells in the 
surface layers bordering the antrum, were mostly small with dense chromatin. 
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Corpora albicantia, which are considered as the atretic stage of corpora 
lutea, were frequently seen among the non-pregnant ovarian cortical stroma. 
Structurally, two forms of corpora albicantia were recognized; the first the 
vascular form, which was characterized by very thick hyalinized connective 
tissue capsule surrounding a central degenerated luteal tissue. This tissue 
consists of thick-walled blood vessels and yellowish pigmented degenerated 
luteal cells (Figs. 32, 33). The second, the avascular form, was characterized by 
a thick capsule representing an outer fibrous layer with numerous blood vessels. 
From this layer a loop of thick-walled muscular arterioles invaded the luteal 
cells in the outer part of the corpus luteum. The luteal cells in the central part of 
the regressing corpus luteum degenerated rapidly and were replaced by newly 
formed connective tissue mass. The late corpora albicantia were replaced by the 
surrounding cortical stroma. 
In both forms, the regressed corpus luteum exhibited degenerated luteal 
cells of different forms together with the invading stromal cells. In the early 
stages of regression, some luteal cells underwent degeneration and demonstrated 
intact outlines with irregular nuclei. In advanced stages, luteal cells occasionally 
showed indistinct cell boundaries. Their pyknotic nuclei were mostly irregular 
and located either eccentrically or occasionally centrally (Fig. 34). Other luteal 
cells showed intact eccentric nuclei. The cytoplasm of degenerated luteal cells 
contained numerous vacuoles which were probably lipid droplets, and 
occasionally small dense bodies (Fig. 35). Some lutein cells possessed crescentic 
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nuclei together with dense cytoplasmic bodies. The regressed corpora lutea also 
exhibited scattered lutein cells with no obvious degenerative changes.       
Clusters of cells similar to degenerated luteal cells were infrequently 
found embedded in the cortical stroma. Occasionally these clusters were 
surrounded by hayalanized connective tissue mass. When treated by 
haematoxyline and eosin or Masson's trichrome, they all appeared yellowish and 
spherical to oval in shape with prominent nuclei located eccentrically (Fig. 36). 
The cells in the peripheral regions and bordering the cortical stroma appeared 
highly vacuolated with pyknotic nuclei. 
The histological features of the ovary during different seasons showed 
little changes in the antral follicles of the cortex and vestigial structures of the 
medulla.  
III.2.1. Autumn 
The number of intact antral follicles was slightly higher than that of the 
atretic ones. These follicles were charectarized by their large size. Ruptured 
follicles were also seen. Haemorrhagic follicles were frequently observed in the 
ovarian cortex (Figs. 37, 38). They were characterized by hyalanized 
hypertrophied theca layer and a large amount of red blood cells filling the 
antrum while a small amount was deposited among the atretic granulosa layer 
cells. 
Leukocytes were more numerous during this season. Some eosinophils 
were found in the medullary tissue.  
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The medullary tubes possessed narrow lumina containing secretion and 
were lined by cuboidal epithelium cells (Figs. 15, 16). 
III.2.2. Winter 
During this season many ovaries demonstrated a narrow cortical zone. 
Many atretic antral follicles were identified; most of which were in the form of 
cystic degenerating type. 
Medullary tubes demonstrated large empty lumina (Fig. 14). 
III.2.3. Summer 
Atretic antral follicles predominated over the intact ones. Intact mature 
follicles were small in size and with small diameters. No growing follicles were 
seen during this season. 
Medullary tubes were similar to those found in winter. 
III.3. Electron microscopy 
III.3.1. Ovarian stroma 
The cortical stroma of the non-pregnant female ovary consisted of 
spindle-shaped cells and network of reticular fibres. Many leukocytes were 
observed among the stromal cells. 
The spindle-shaped cells were found embedded in excessive 
extracellular matrix which contained abundant collagen fibres. The cell 
membrane of these cells was irregular and contained numerous cytoplasmic 
processes varying in size and length. The nucleus was elliptical, located 
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centrally and appeared smoothly contoured or occasionally with slight 
indentations. The nuclear membrane demonstrated a few nuclear pores. The 
chromatin was sparse, highly condensed and mainly distributed in the peripheral 
regions (Figs. 39, 40). The cytoplasm was characterized by the presence of 
abundant rough endoplasmic reticulum and small Golgi complex. Spherical 
mitochondria were scattered in the cytoplasm together with small electron dense 
bodies of different sizes and electron density and scattered actin-like filaments. 
Macrophages were occassionally seen in the cortical stroma, in close 
proximity to blood vessels. The cell membrane was irregular. The irregular 
nucleus of the cell was often small and located eccentrically. The chromatin was 
distributed at the periphery. The cytoplasm contained many vacuoles. 
Lysosomal bodies of different sizes were closely related to blood vessels. They 
were ovoid in shape and bounded by a single membrane. Their heterogenous 
content included aggregations of dense granules in a less dense matrix indicating 
that they are secondary lysosomes (Fig. 41). 
Small blood vessels in the cortex including arterioles and venules 
showed continuous non-fenestrated endothelial cells rested in distinct basal 
lamina. These endothelial cells were slightlly thick in the regions containing the 
nuclei. The surface cell membrane was equipped with tiny microvilli. Such cells 
were surrounded by an outer single layer of smooth muscle cells. Electron dense 
erythrocytes were seen in the lumina of blood vessels. They showed the typical 
elliptical characteristic shape of camel red blood cells (Fig. 41). 
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Small lymphocytes were frequently observed in the cortical stroma. 
Their shape was varying from round to oval. The cell membrane was regular. 
The nucleus was either smoothly oval or indented and showed a coarse pattern 
of heterochromatin arranged in clumps closely to the nuclear membrane. One or 
two nucleoli were located in the centre. The cytoplasm was in the form of 
narrow rim around the nucleus. It contained sparse rounded mitochondria and 
small scattered electron dense bodies probably lysosomes. The cytoplasm was 
almost devoid of rough endoplasmic reticulum. A cell of haematogenic origin, 
probably lymphocyte, probably migrated from the blood vessel to the adjacent 
connective tissue mass. This cell was oval in shape with a regular cell 
membrane. The nucleus was irregular with a deep indentations and clear nuclear 
pores. The chromatin was condensed on the inner surface of the nuclear 
membrane. The cytoplasm was scanty and vacuolated (Figs.42, 43). 
III.3.2. Degenerated membrana granulosa cells 
In the small atretic antral follicles of oblitrative type, degenerating 
follicular granulosa cells obliterated the follicular lumen. The nuclei were 
generally oval with a few being irregular. The latter ones contained small 
clumps of chromatin adhering to the nuclear membrane. Although the nuclei 
occupied a central location, a few were eccentrically located. The cytoplasm of 
most granulosa cells was fairly poor in organelles but contained many vacuoles 
and electron dense bodies probably lysosomes (Fig. 44). 
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Large cystic atretic follicles showed clear signs of degenerating 
follicular cells (Figs.45, 46). Their cell membrane showed no specific 
specialization. The nuclei were located basally and were either irregularly oval 
or elongated in shape. However, in some other cells, the nuclei were 
eccentrically located, relatively small in size and somewhat irregular in shape. 
The chromatin was finely granular except for some clumps adhering to the inner 
nuclear membrane. A few cells showed small nucleoli. The cytoplasm contained 
no cell organelles, but a moderate number of electron lucent vacuoles was 
identified. These vacuoles contained dispersed material, lipid droplets and 
heterogenous bodies. The basal lamina of the granulosa layer appeared detached 
and fragmented. 
III.3.3. Regressed corpus luteum 
Examination of semithin sections of the atretic form of corpus luteum 
revealed that there was a large amount of extracellular matrix in which collagen 
fibres, stromal cells and macrophages were observed. The luteal cells were 
scattered with an excessive mass of extracellular matrix among them. Besides, 
these cells were in different stages of degeneration and cytolysis which made 
them difficult to be categorized. 
The cell mambrane of the lutein cells was irregular. The nucleus was 
indented or often rounded and commonly eccentrically located. The euchromatin 
constituted most of the nuclear material with scattered granular heterochromatin 
(Fig. 47). The nuclear membrane was occasionally interrupted by the nuclear 
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pores. Although nucleoli in most cells have disappeared, a few of them were still 
identified in some cells. The cytoplasm was poor in organelles. Small rounded 
mitochondria, probably undergoing degeneration, were scattered in the 
cytoplasm. There were a few profiles of degenerating smooth endoplasmic 
reticulum consisted of relatively straight and condensed tubules aligned parallel. 
Also, the cytoplasm contained small and large slightly electron dense lipid 
inclusions (Fig. 48). Few dark small osmiophylic granules, probably secretory 
granules and scattered large vacuolated dense bodies were also seen (Fig. 47). 
These bodies were bounded by a thin limiting membrane. Darkly stained 
autophagic vacuoles containing fragments of several mitochondria and cellular 
debris were observed. The presence of extracellular degenerating mitochondria 
and lipid droplets, as a result of rupture of cell membranes of some of the luteal 
cells, was also noted (Figs. 49, 50). The ultrastructural features of the ovarian 
components showed no variation related to season.   
III.4. Morphometry 
III.4.1. Autumn 
The mean absolute volume of the fresh ovary was 3.92 cm³ ±0.66. The 
morphometric analyses of different ovarian components revealed that the cortex 
occupied 66.84% (2.62 cm³±0.36) of the volume of the ovary leaving 33.16% 
(1.30 cm³±0.34) for the medulla. Intact antral follicles constituted 12.15% 
(0.300 cm³±0.11) and atretic antral follicles 8.50% (0.21 cm³±0.03) of the 
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cortex. Medullary blood and lymphatic vessels occupied 35.83% (0.43 
cm³±0.09) of the medulla (tables 1-13 and Fig. III. 2).  
III.4.2. Winter 
The mean absolute volume of the fresh ovary was 3.32 cm³ ±0.71. The 
cortex occupied 58.73% (1.95 cm³±0.20) while the volume of the medulla 
amounted to 41.27% (1.37 cm³±0.69). Intact antral follicles constituted 13.33 % 
(0.26 cm³±0.10) and atretic antral follicles 10.77% (0.21 cm³±0.06). Medullary 
blood and lymphatic vessels occupied 29.93% (0.41 cm³±0.21) of the medulla 
(tables 15-28 and Fig. III. 2). 
III.4.3. Summer  
The mean absolute volume of the fresh ovary was 3.57 cm³ ±1.13. The 
cortex occupied 55.18% (1.97 cm³±0.48) while the medulla occupied 44.80% 
(1.60 cm³±0.87). Intact antral follicles constituted 9.64 % (0.19 cm³±0.07) and 
atretic antral follicles 16.75% (0.33 cm³±0.14). Volume of medullary blood and 
lymphatic vessels amounted to 35.00% (0.56 cm³±0.42) of the medulla (tables 
29-42 and Fig. III. 2).  
The comparison between left and right ovary in different seasons (table 
42 and Fig. III. 3) revealed that the mean absolute volume of the fresh left ovary 
was 3.5 cm³ ±0.94. The cortex occupied 62.15% (2.20 cm³±0.52) while the 
medulla 37.85% (1.34 cm³±0.55). Intact antral follicles constituted 13.64 % 
(0.30 cm³±0.13) and atretic antral follicles 12.27% (0.27 cm³±0.09) of the 
cortex. Medullary blood and lymphatic vessels occupied 35.82% (0.48 
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cm³±0.22) of the medulla. In the right ovary, the mean absolute volume of the 
fresh organ was 3.66 cm³ ±0.81. The cortex occupied 59.02% (2.16 cm³±0.45) 
while the medulla covered the remaining 40.98% (1.50 cm³±0.75). Intact antral 
follicles constituted 9.72 % (0.21 cm³±0.07) and atretic antral follicles 10.65% 
(0.23 cm³±0.11) of the cortex. Medullary blood and lymphatic vessels occupied 
38.00% (0.57 cm³±0.36) of the medulla.   
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Table 1: Animal number 1.  Total number of points counted, volume 
fraction and absolute volume of cortex and medulla of the left ovary. 
Absolute volume of the left ovary was 5 cm³. 
 
Section 
No.  
Cortex Medulla Total 
1 860 350 1210 
2 676 534  1210 
3 817 393  1210 
4 627 583 1210 
T.C. 2980 1860 4840 
Vv.% 61.57 38.43 100 
Abs.V.cm³ 2.15 1.35 5 
 
 
Table 2: Animal number 1. Total number of points counted, volume 
fraction and absolute volume of cortex and medulla of the right ovary. 
Absolute volume of the right ovary was 4 cm³. 
 
Section 
No. 
Cortex Medulla Total 
1 695 515  1210 
2 897 313 1210 
3 870 340 1210 
4 955 255 1210 
T.C. 3417 1423 4840 
Vv.% 70.60 29.40 100 
Abs.V.cm³ 2.82 1.18 4 
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Table 3: Animal number 2. Total number of points counted, volume 
fraction and absolute volume of cortex and medulla of the left ovary. 
Absolute volume of the left ovary was 3 cm³. 
 
Section 
No. 
Cortex Medulla Total 
1 673 537 1210 
2 662 548 1210 
3 1023 187 1210 
4 921 279 1210 
T.C. 3289 1551 4840 
Vv.% 67.95 32.05 100 
Abs.V.cm³ 2.04 0.96 3 
 
 
 
Table 4: Animal number 2. Total number of points counted, volume 
fraction and absolute volume of cortex and medulla of the right ovary. 
Absolute volume of the right ovary was 3.5 cm³. 
 
Section 
No. 
Cortex Medulla Total 
1 843 367 1210 
2 795 415 1210 
3 848 362 1210 
4 847 363 1210 
T.C. 3333 1507 4840 
Vv.% 68.86 31.14 100 
Abs.V.cm³ 2.41 1.09 3.5 
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Table 5: Animal number 3. Total number of points counted, volume 
fraction and absolute volume of cortex and medulla of the left ovary. 
Absolute volume of the left ovary was 4 cm³. 
 
Section 
No. 
Cortex Medulla Total 
1 672 538  1210 
2 765 445 1210 
3 768 442 1210 
4 921 289 1210 
T.C. 3126 1714 4840 
Vv.% 64.59 35.41 100  
Abs.V.cm³ 2.58 1.42 4 
 
 
 
Table 6: Animal number 3. Total number of points counted, volume 
fraction and absolute volume of cortex and medulla of the right ovary. 
Absolute volume of the right ovary was 4 cm³. 
 
Section 
No. 
Cortex Medulla Total 
1 911 299 1210  
2 840 370 1210 
3 853 357 1210 
4 772 438 1210 
T.C. 3376 1464 4840 
Vv.% 69.75 30.25 100 
Abs.V.cm³ 2.79 1.21 4 
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Table 7: Animal number 1. Total number of points counted, volume 
fraction and absolute volume of intact and atretic antral follicles and 
medullary blood and lymphatic vessels of the left ovary. Absolute volume of 
the cortex was 3.08 cm³ and the medulla was 1.92 cm³.    
Cortex Medulla Section 
No. I.A.F. A.A.F. Total  M.B.L. Total 
1 169 120 1210 707 1210 
2 177 57 1210 520 1210 
3 79 118 1210 517 1210 
4  215 139 1210 360 1210 
T.C. 640 434 4840 2104 4840 
Vv.% 13.22 8.97 100 43.47 100 
Abs.V.cm³ 0.41 0.28 3.08 0.83 1.92 
 
 
Table 8: Animal number 1. Total number of points counted, volume 
fraction and absolute volume of intact and atretic antral follicles and 
medullary blood and lymphatic vessels of the right ovary. Absolute volume 
of the cortex was 2.82 cm³ and the medulla was 1.18 cm³.    
Cortex Medulla Section 
No. I.A.F. A.A.F. Total M.B.L. Total 
1 37 176 1210 383 1210 
2 125 146 1210 326 1210 
3 107 20 1210 419 1210 
4 0.00 68 1210 377 1210 
T.C. 269 410 4840 1505 4840 
Vv.% 5.56 8.47 100 31.10 100 
Abs.V.cm³ 0.16 0.24 2.82 0.37 1.18 
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Table 9: Animal number 2. Total number of points counted, volume 
fraction and absolute volume of intact and atretic antral follicles and 
medullary blood and lymphatic vessels of the left ovary. Absolute volume of 
the cortex was 2.04cm³ and the medulla was 0.96 cm³.    
Cortex Medulla Section 
No. I.A.F. A.A.F. Total M.B.L. Total 
1 211 88 1210 570 1210 
2 290 161 1210 315 1210 
3 464 136 1210 424 1210 
4  0.00 82 1210 404 1210 
T.C. 965 467 4840 1713 4840 
Vv.% 19.93 9.44 100 35.39 100 
Abs.V.cm³ 0.41 0.19 2.04 0.34 0.96 
 
 
 
Table 10: Animal number 2. Total number of points counted, volume 
fraction and absolute volume of intact and atretic antral follicles and 
medullary blood and lymphatic vessels of the right ovary. Absolute volume 
of the cortex was 2.41 cm³ and the medulla was 1.09 cm³.    
Cortex Medulla Section 
No. I.A.F. A.A.F. Total M.B.L. Total 
1 21 75 1210 461 1210 
2 177 140 1210 355 1210 
3 241 145 1210 412 1210 
4 136 19 1210 475 1210 
T.C. 575 379 4840 1703 4840 
Vv.% 11.88 7.83 100 35.19 100 
Abs.V.cm³ 0.29 0.19 2.41 0.38 1.09 
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Table 11: Animal number 3. Total number of points counted, volume 
fraction and absolute volume of intact and atretic antral follicles and 
medullary blood and lymphatic vessels of the left ovary. Absolute volume of 
the cortex was 2.58 cm³ and the medulla was 1.42 cm³.    
Cortex Medulla Section 
No. I.A.F. A.A.F. Total M.B.L. Total 
1 185 111 1210 388 1210 
2 284 138 1210 443 1210 
3 243 129 1210 419 1210 
4 121 83 1210 342 1210 
T.C. 833 461 4840 1592 4840 
Vv.% 17.21 9.52 100 32.39 100 
Abs.V.cm³ 0.44 0.25 2.58 0.46 1.42 
 
 
 
Table 12: Animal number 3. Total number of points counted, volume 
fraction and absolute volume of intact and atretic antral follicles and 
medullary blood and lymphatic vessels of the right ovary. Absolute volume 
of the cortex was 2.79 cm³ and the medulla was 1.21 cm³.    
Cortex Medulla Section 
No. I.A.F. A.A.F. Total M.B.L. Total 
1 78 103 1210 386 1210 
2 161 65 1210 463 1210 
3 106 135 1210 422 1210 
4 47 78 1210 371 1210 
T.C. 392 381 4840 1642 4840 
Vv.% 8.10 7.87 100 33.93 100 
Abs.V.cm³ 0.23 0.22 2.79 041 1.21 
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Table 13: Absolute volume and volume fraction of the cortex and medulla 
in autumn and the standard deviation of these parameters. 
 
 
Animal 
number 
Ovary Abs.V.     
cm³ 
Cortex Medulla 
1 Left 5 3.08 1.92 
 Right 4 2.82 1.18 
2 Left 4 2.04 0.96 
 Right 4 2.41 1.09 
3 Left 3 2.58 1.42 
 Right 3.5 2.79 1.21 
Total  23.5 15.72 7.78 
Mean  3.92 2.62 1.30 
Vv.%  100 66.84 33.16 
S.D.  0.66 0.36 0.34 
 
 
 
Abs.V. = Absolute volume.                                        
I.A.F. = Intact antral follicles. 
A.A.F. = Atretic antral follicles.   
M.B.L. = Medullary blood and lymphatic 
Vv. % = Volume fraction. 
S.D. = Stantard deviation. 
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 Table 14: Absolute volume and volume fraction of the measured cortical 
and medullary components in autumn. The mean absolute volume of the 
cortex was 2.47 cm³ and of the medulla was 1.20 cm³.  
 
Cortex Medulla Animal  
number 
 
Ovary 
 I.A.F. A.A.F. M.B.L. 
1 Left 0.28 0.19 0.59 
 Right 0.16 0.24 0.37 
2 Left 0.41 0.19 0.34 
 Right 0.29 0.19 0.38 
3 Left 0.44 0.25 0.46 
 Right 0.23 0.22 0.41 
Total  1.81 1.28 2.55 
Mean  0.30 0.21 0.43 
Vv.%  12.15 8.50 35.83 
S.D.  0.11 0.03 0.09 
 
 
 
 
Abs.V. = Absolute volume.                                        
I.A.F. = Intact antral follicles. 
A.A.F. = Atretic antral follicles.   
M.B.L. = Medullary blood and lymphatic vessels. 
Vv% = Volume fraction. 
S.D. =    Standard deviation.                                                                               
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Table 15: Animal number 1. Total number of points counted, volume 
fraction and absolute volume of cortex and medulla of the left ovary. 
Absolute volume of the left ovary was 2.4 cm³. 
 
Section 
No. 
Cortex Medulla Total 
1 921 289 1210 
2 1003 207 1210 
3 901 309 1210 
4 1008  202 1210 
T.C. 3833 1007 4840 
Vv.% 79.19 20.81 100 
Abs.V.cm³ 1.90 0.50 2.4 
 
 
 
Table 16: Animal number 1. Total number of points counted, volume 
fraction and absolute volume of cortex and medulla of the right ovary. 
Absolute volume of the right ovary was 2.5 cm³. 
 
Section 
No. 
Cortex Medulla Total 
1 548 626 1210 
2 928 282 1210 
3 648 588 1210 
4 622 588 1210 
T.C. 2782 2058 4840 
Vv.% 69.55 30.45 100 
Abs.V.cm³ 1.74 0.76 2.5 
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Table 17: Animal number 2. Total number of points counted, volume 
fraction and absolute volume of cortex and medulla of the left ovary. 
Absolute volume of the left ovary was 4 cm³. 
 
Section 
No. 
Cortex Medulla Total 
1 733 477 1210 
2 522 688 1210 
3 563 647 1210 
4 482 728 1210 
T.C. 2300 2540 4840 
Vv.% 47.52 52.48 100 
Abs.V.cm³ 1.90 2.10 4 
 
 
 
Table 18: Animal number 2 Total number of points counted, volume 
fraction and absolute volume of cortex and medulla of the right ovary. 
Absolute volume of the right ovary was 4 cm³. 
Section 
No. 
Cortex Medulla Total 
1 572 638 1210 
2 546 664 1210 
3 483 727 1210 
4 569 641 1210 
T.C. 2170 2670 4840 
Vv.% 44.83 55.17 100 
Abs.V.cm³ 1.79 2.21 4 
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Table 19: Animal number 3. Total number of points counted, volume 
fraction and absolute volume of cortex and medulla of the left ovary. 
Absolute volume of the left ovary was 3.5 cm³. 
 
Section 
No. 
Cortex Medulla Total 
1 875 335 1210 
2 878 332 1210 
3 453 757 1210 
4 646 564 1210 
T.C. 2852 1988 4840 
Vv.% 58.93 41.07 100 
Abs.V.cm³ 2.06 1.44 3.5 
 
 
 
Table 20: Animal number 3. Total number of points counted, volume 
fraction and absolute volume of cortex and medulla of the right ovary. 
Absolute volume of the right ovary was 3.5 cm³. 
 
Section 
No. 
Cortex Medulla Total 
1 826 384 1210 
2 986 224 1210 
3 854 356 1210 
4 497 713 1210  
T.C. 3163 1677 4840  
Vv.% 65.35 34.65 100 
Abs.V.cm³ 2.29 1.21 3.5 
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Table 21: Animal number 1. Total number of points counted, volume 
fraction and absolute volume of intact and atretic antral follicles and 
medullary blood and lymphatic vessels of the left ovary. Absolute volume of 
the cortex was 1.90 cm³ and the medulla was 0.50 cm³.    
Cortex Medulla Section 
No. I.A.F. A.A.F. Total M.B.L. Total 
1 150 144 1210 486 1210 
2 133 36 1210 351 1210 
3 541 177 1210 447 1210 
4 120 242 1210 475 1210 
T.C. 944 599 4840 1759 4840 
Vv.% 19.50 12.35 100 36.34 100 
Abs.V.cm³ 0.37 0.23 1.90 0.18 0.50 
 
 
Table 22: Animal number 1. Total number of points counted, volume 
fraction and absolute volume of intact and atretic antral follicles and 
medullary blood and lymphatic vessels of the right ovary. Absolute volume 
of the cortex was 1.74 cm³ and the medulla was 0.76 cm³.    
Cortex Medulla Section 
No. I.A.F. A.A.F. Total M.B.L. Total 
1 104 132 1210 385 1210 
2 262 41 1210 414 1210 
3 213 121 1210 442 1210 
4 227 81 1210 503 1210 
T.C. 806 375 4840 1744 4840 
Vv.% 16.65 7.75 100 36.03 100 
Abs.V.cm³ 0.29 0.13 1.74 0.27 0.76 
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Table 23: Animal number 2. Total number of points counted, volume 
fraction and absolute volume of intact and atretic antral follicles and 
medullary blood and lymphatic vessels of the left ovary. Absolute volume of 
the cortex was 1.90cm³ and the medulla was 2.10 cm³.    
Cortex Medulla Section 
No. I.A.F. A.A.F. Total M.B.L. Total 
1 26 193 1210 408 1210 
2 243 234 1210 369 1210 
3 63 145 1210 548 1210 
4 7 65 1210 531 1210 
T.C. 339 637 4840 1856 4840 
Vv.% 8.12 13.14 100 38.35 100 
Abs.V.cm³ 0.15 0.25 1.90 0.81 2.10 
 
 
 
Table 24: Animal number 2. Total number of points counted, volume 
fraction and absolute volume of intact and atretic antral follicles and 
medullary blood and lymphatic vessels of the right ovary. Absolute volume 
of the cortex was 1.79 cm³ and the medulla was 2.21 cm³.    
Cortex Medulla Section 
No. I.A.F. A.A.F. Total M.B.L. Total 
1 00.00 173 1210 360 1210 
2 223 62 1210 373 1210 
3 00.00 172 1210 300 1210 
4 140 63 1210 439 1210 
T.C. 363 470 4840 1472 4840 
Vv.% 7.50 9.71 100 30.41 100 
Abs.V.cm³ 0.13 0.17 1.79 0.67 2.21 
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Table 25: Animal number 3. Total number of points counted, volume 
fraction and absolute volume of intact and atretic antral follicles and 
medullary blood and lymphatic vessels of the left ovary. Absolute volume of 
the cortex was 2.06 cm³ and the medulla was 1.44 cm³.    
Cortex Medulla Section 
No. I.A.F. A.A.F. Total M.B.L. Total 
1 210 219 1210 467 1210 
2 266 184 1210 443 1210 
3 199 173 1210 328 1210 
4 161 91 1210 392 1210 
T.C. 836 667 4840 1630 4840 
Vv.% 17.27 13.78 100 33.68 100 
Abs.V.cm³ 0.36 0.28 2.06 0.48 1.44 
 
 
 
Table 26: Animal number 3. Total number of points counted, volume 
fraction and absolute volume of intact and atretic antral follicles and 
medullary blood and lymphatic vessels of the right ovary. Absolute volume 
of the cortex was 2.29 cm³ and the medulla was 1.21 cm³.    
Cortex Medulla Section 
No. I.A.F. A.A.F. Total M.B.L. Total 
1 240 213 1210 326 1210 
2 54 127 1210 237 1210 
3 162 10 1210 451 1210 
4 180 151 1210 418 1210 
T.C. 636 501 4840 1432 4840 
Vv.% 13.14 10.35 100 29.59 100 
Abs.V.cm³ 0.30 0.24 2.29 0.36 1.21 
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Table 27: The Absolute volume and volume fraction of the cortex and 
medulla in winter and the standard deviation of these parameters. 
                                      
 
Animal 
Number 
Ovary Ovary 
Abs.V.     
cm³ 
Cortex 
Abs.V.    cm³ 
Medulla 
Abs.V.   cm³ 
1 Left 2.4 1.90 0.50 
 Right 2.5 1.74 0.76 
2 Left 4 1.90 2.10 
 Right 4 1.79 2.21 
3 Left 3.5 2.06 1.44 
 Right 3.5 2.29 1.21 
Total  19.9 11.68 8.22 
Mean  3.32 1.95 1.37 
Vv.%  100 58.73 41.27 
S.D.  0.71 0.20 0.69 
 
  
 
Abs.V. = Absolute volume.                                        
I.A.F. = Intact antral follicles. 
A.A.F. = Atretic antral follicles.   
M.B.L. = Medullary blood and lymphatic 
Vv% = Volume fraction. 
S.D. =    Standard deviation.                                                                              
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Table 28: Absolute volume and volume fraction of the measured cortical 
and medullary components in winter. The mean absolute volume of the 
cortex was 1.95 cm³ and of the medulla was 1.37 cm³.  
 
  
Cortex Medulla Animal 
Number 
 
Ovary 
 I.A.F. A.A.F. M.B.L. 
1 Left 0.37 0.23 0.18 
 Right 0.29 0.13 0.27 
2 Left 0.15 0.25 0.81 
 Right 0.13 0.17 0.67 
3 Left 0.36 0.28 0.48 
 Right 0.24 0.18 0.36 
Total  1.54 1.24 2.77 
Mean  0.26 0.21 0.41 
Vv.%  13.33 10.77 29.93 
S.D.  0.10 0.06 0.24 
  
  
  
I.A.F. = Intact antral follicles. 
A.A.F. = Atretic antral follicles.  
M.B.L. = Medullary blood and lymphatic vessels. 
Vv% = Volume fraction. 
S.D. =    Standard deviation.                                                                              
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Table 29: Animal number 1.  Total number of points counted, volume 
fraction and absolute volume of cortex and medulla of the left ovary. 
Absolute volume of the left ovary was 4 cm³. 
 
Section 
No. 
Cortex Medulla Total 
1 958 252 1210 
2 833 377  1210 
3 796 414 1210 
4 689 521 1210 
T.C.  3276 1564  4840  
Vv.% 67.69 32.31 100 
Abs.V.cm³ 2.71 1.29 4 
 
 
Table 30: Animal number 1. Total number of points counted, volume 
fraction and absolute volume of cortex and medulla of the right ovary. 
Absolute volume of the right ovary was 4 cm³. 
Section 
No. 
Cortex Medulla Total 
1 576 634 1210 
2 706 504  1210 
3 595 615 1210 
4 513 697 1210 
T.C. 2390 2450 4840 
Vv.% 49.38 50.62 100 
Abs.V.cm³ 1.98 2.02 4 
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Table31: Animal number 2. Total number of points counted, volume 
fraction and absolute volume of cortex and medulla of the left ovary. 
Absolute volume of the left ovary was 4 cm³. 
Section 
No. 
Cortex Medulla Total 
1 587 623 1210 
2 670 540 1210 
3 779 431 1210 
4 644 566 1210 
T.C. 2680 2160 4840 
Vv.% 55.37 44.63 100 
Abs.V.cm³ 2.21 1.79 4 
 
 
 
Table 32: Animal number 2.  Total number of points counted, volume 
fraction and absolute volume of cortex and medulla of the right ovary. 
Absolute volume of the right ovary was 5 cm³. 
Section 
No. 
Cortex Medulla Total 
1 610 600 1210 
2 327 883 1210 
3 550 660 1210 
4 453 757 1210 
T.C. 1940 2900 4840 
Vv.% 40.08 59.92 100 
Abs.V.cm³ 2.00 3.00 5 
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Table 33: Animal number 3. Total number of points counted, volume 
fraction and absolute volume of cortex and medulla of the left ovary. 
Absolute volume of the left ovary was 2 cm³. 
 
Section 
No. 
Cortex Medulla Total 
1 851 359 1210 
2 957 253 1210 
3 624 586 1210 
4 781 429 1210 
T.C. 3213 1627 4840 
Vv.% 66.38 33.62 100 
Abs.V.cm³ 1.33 0.67 2 
 
 
 
Table 34: Animal number 3. Total number of points counted, volume 
fraction and absolute volume of cortex and medulla of the right ovary. 
Absolute volume of the right ovary was 2.4 cm³. 
Section 
No. 
Cortex Medulla  Total 
1 1210 0  1210 
2 758 452 1210  
3 681 529 1210 
4 532 678 1210 
T.C. 3181  1659 4840 
Vv.% 65.72 34.28 100 
Abs.V.cm³ 1.58 0.82 2.4 
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Table 35: Animal number 1. Total number of points counted, volume 
fraction and absolute volume of intact and atretic antral follicles and 
medullary blood and lymphatic vessels of the left ovary. Absolute volume of 
the cortex was 2.71 cm³ and the medulla was 1.29 cm³.  
Cortex Medulla Section 
No. I.A.F. A.A.F. Total M.B.L. Total 
1 101 29 1210 434 1210 
2 106 165 1210 313 1210 
3 132 329 1210 347 1210 
4 101 382 1210 320 1210 
T.C. 440 905 4840 1414 4840 
Vv.% 9.09 18.70 100 29.21 100 
Abs.V.cm³ 0.25 0.51 2.71 0.38 1.29 
 
 
 
Table 36: Animal number 1. Total number of points counted, volume 
fraction and absolute volume of intact and atretic antral follicles and 
medullary blood and lymphatic vessels of the right ovary. Absolute volume 
of the cortex was 1.98 cm³ and the medulla was 2.02 cm³.    
Cortex Medulla Section 
No. I.A.F. A.A.F. Total M.B.L. Total 
1 46 115 1210 672 1210 
2 65 149 1210 445 1210 
3 242 161 1210 734 1210 
4 347 52 1210 796 1210 
T.C. 700 477 4840 2647 4840 
Vv.% 14.70 9.86 100 54.70 100 
Abs.V.cm³ 0.29 0.2 1.98 1.1 2.02 
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Table 37: Animal number 2. Total number of points counted, volume 
fraction and absolute volume of intact and atretic antral follicles and 
medullary blood and lymphatic vessels of the left ovary. Absolute volume of 
the cortex was 2.21 cm³ and the medulla was 1.79 cm³.   
Cortex Medulla Section 
No. I.A.F. A.A.F. Total M.B.L. Total 
1 153 63 1210 439 1210 
2 84 78 1210 307 1210 
3 32 216 1210 496 1210 
4 73 184 1210 343 1210 
T.C. 342 541 4840 1585 4840 
Vv.% 7.07 11.18 100 32.75 100 
Abs.V.cm³ 0.16 0.25 2.21 0.59 1.79 
 
 
 
Table 38: Animal number 2. Total number of points counted, volume 
fraction and absolute volume of intact and atretic antral follicles and 
medullary blood and lymphatic vessels of the right ovary. Absolute volume 
of the cortex was 2.00 cm³ and the medulla was 3.00 cm³.    
Cortex Medulla Section 
No. I.A.F. A.A.F. Total M.B.L. Total 
1 0 170 1210 460 1210 
2 102 301 1210 455 1210 
3 19 153 1210 594 1210 
4 312 97 1210 522 1210 
T.C. 433  721 4840 2031 4840 
Vv.% 8.95 14.90 100 41.96 100 
Abs.V.cm³ 0.18 0.3 2.00 1.26 3.00 
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Table 39: Animal number 3. Total number of points counted, volume 
fraction and absolute volume of intact and atretic antral follicles and 
medullary blood and lymphatic vessels of the left ovary. Absolute volume of 
the cortex was 1.33 cm³ and the medulla was 0.67 cm³.   
Cortex Medulla Section 
No. I.A.F. A.A.F. Total M.B.L. Total 
1 464 0 1210 542 1210 
2 0 3 1210 401 1210 
3 0 166 1210 746 1210 
4 0 683 1210 423 1210 
T.C. 464 852 4840 2112 4840 
Vv.% 9.59 17.60 100 43.64 100 
Abs.V.cm³ 0.13 0.23  1.33 0.29  0.67 
 
 
 
Table 40: Animal number 3. Total number of points counted, volume 
fraction and absolute volume of intact and atretic antral follicles and 
medullary blood and lymphatic vessels of the right ovary. Absolute volume 
of the cortex was 1.58 cm³ and the medulla was 0.82 cm³.   
Cortex Medulla Section 
No. I.A.F. A.A.F. Total M.B.L. Total 
1 137 857 1210 0 1210 
2 0 367 1210 795 1210 
3 129 131 1210 520 1210 
4 115 150 1210 628 1210 
T.C. 381 1505 4840 1943 4840 
Vv.% 7.87 31.10 100 40.14 100 
Abs.V.cm³ 0.12 0.49 1.58 0.33 0.82 
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Table 41: Absolute volume and volume fraction of the cortex and medulla 
in summer and the standard deviation of these parameters. 
 
 
 
Animal 
Number 
Ovary Absolute 
Volume     
cm³ 
Cortex Medulla 
1 Left 4.00 2.71 1.29 
 Right 4.00 1.98 2.02 
2 Left 4.00 2.21 1.79 
 Right 5.00 2.00 3.00 
3 Left 2.00 1.33 0.67 
 Right 2.40 1.58 0.82 
Total  21.40 11.81 9.59 
Mean  3.57 1.97 1.60 
Vv.%  100 55.18 44.82 
S.D.  1.13 0.48 0.87 
 
 
 
 
Abs.V. = Absolute volume.                                        
I.A.F.  = Intact antral follicles. 
A.A.F. = Atretic antral follicles.   
M.B.L. = Medullary blood and lymphatic vessels. 
S.D.  =    Standard deviation.                                                                              
 
 
 
 
 
 
 
 
  
 56
Table 42: Absolute volume and volume fraction of the measured cortical 
and medullary components in summer. The mean absolute volume of the 
cortex was 1.97 cm³ and of the medulla was 1.60 cm³.  
 
  
  
Cortex Medulla Animal 
Number 
 
Ovary 
 I.A.F. A.A.F. M.B.L. 
1 Left 0.25 0.51 0.38 
 Right 0.29 0.2 1.1 
2 Left 0.16 0.25 0.59 
 Right 0.18 0.3 1.26 
3 Left 0.13 0.23 0.29 
 Right 0.12 0.49 0.33 
Total  1.13 1.98 3.95 
Mean  0.19 0.33 0.56 
Vv.%  9.64 16.75 35.00 
S.D.  0.07 0.14 0.42 
  
  
  
I.A.F. = Intact antral follicles. 
A.A.F. = Atretic antral follicles.  
M.B.L. = Medullary blood and lymphatic vessels. 
Vv% = Volume fraction. 
S.D. =    Standard deviation.                                                                               
 
 
Table 43: Absolute volume of measured components of left and right ovary in different 
seasons and the standard deviation of these parameters. 
Left Ovary Right OvarAnimal 
Number Absolute 
Volume   
cm³ 
Cortex 
Abs.V.  
cm³ 
Medulla
Abs.V.    
cm³ 
I.A.F 
Abs.V.  
cm³ 
A.A.F 
Abs.V.  
cm³ 
M.B.L 
Abs.V.   
cm³ 
Abs.V.  
cm³ 
Cortex
Abs.V.  
cm³ 
Medulla
Abs.V.    
cm³ 
I.A
Ab
cm
1 5.00 3.08 1.92 0.41 0.28 0.83 4.00 2.82 1.18 0.
2 3.00 2.04 0.96 0.41 0.19 0.34 3.50 2.41 1.09 0.
3 4.00 2.58 1.42 0.44 0.25 0.46 4.00 2.79 1.21 0.
4 2.4 1.90 0.50 0.37 0.23 0.18 2.50 1.74 0.76 0.
5 4 1.90 2.10 0.15 0.25 0.81 4.00 1.79 2.21 0.
6 3.5 2.06 1.44 0.36 0.28 0.48 3.50 2.29 1.21 0.
7 4.00 2.71 1.29 0.25 0.51 0.38 4.00 1.98 2.02 0.
8 4.00 2.21 1.79 0.16 0.25 0.59 5.00 2.00 3.00 0.
9 2.00 1.33 0.67 0.13 0.23 0.29 2.40 1.58 0.82 0.
Total 31.90 19.81 12.09 2.68 2.47 4.360   32.9 19.4 13.5 1.
Mean 3.54 2.20 1.34 0.30 0.27 0.48 3.66 2.16 1.50 0.
Vv% 100 62.15 37.85 13.64* 12.27* 35.82** 100 59.02 40.98 9.7
S.D. 0.93 0.52 0.55 0.13 0.09 0.22 0.81 0.45 0.75 0.
I.A.F. = Intact antral follicles.                                            * = occupation of ovarian cortex only. 
A.A.F. = Atretic antral follicles.                                      * * = occupation of ovarian medulla only. 
M.B.L. = Medullary blood and lymphatic vessels. 
Vv% = Volume fraction. 
S.D. =    Standard deviation.                                                                               
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Fig. III. 2. Absolute volume of the ovarian components in autumn, winter 
and summer.                                                            
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Fig. III. 3. Absolute volume of measured components of the right and left 
ovaries. 
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CHAPTER FOUR 
Discussion 
 
IV.1. Gross features and weight 
The present study revealed that the topography and gross features of 
camel ovary are similar to those described by Tayeb (1948) Abdalla (1965) and 
Mohammed (1996). 
The mean ovarian weight of adult non-pregnant camel has been reported 
as 5.6 ± 1.2 gm (EL-Wishy and Hemeida, 1984), 4.6 ± 1.4 gm (Mohammed, 
1996) and 1.59-2.77 gm (Yahaya et al., 1999). Shalash (1965) reported an 
increase in ovarian weight in a functional ovary compared to non-functional one. 
Mohammed (1996) was of the opinion that the variations in size and weight of 
the ovary could be attributed to ovarian activity and its structural contents as the 
effect of age after puberty becomes minor. In the local climatic conditions in 
Nigeria, Yahaya et al.  (1999) reported a significant seasonal variation in the 
weight of both ovary and follicular fluid, since the ovarian weight is higher in 
the cold dry season, November/December, than during post rainy season, 
September/ October, and this variation could be attributed to the increase in the 
ovarian activity during the cold dry season. The present study shows clear 
variation in the mean weight of the ovary in different seasons; as the mean 
weight of the ovary was slightly heavier during autumn compared to summer 
while the smaller mean weight was recorded in winter. In accord with the 
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findings of Shalash (1965), Mohammed (1996), Yahaya et al. (1999); it may be 
possible to assume that the ovarian activity is highest during autumn season 
under the Sudanese local climatic conditions.  
The present investigations dealing with the non-pregnant camel has 
revealed that the left ovary was heavier than the right one. These findings are in 
agreement with El-Wishy and El-sawaf (1971), Omer et al. (1984) and 
Mohammed (1996) suggested that this is indicative of the higher functional 
activity of the left ovary. Omer et al. (1984) added that the increase of such 
activity could be attributed to genetic potentials. However, the study on the 
pregnant camel carried out by Musa and Abu Sineina (1976) revealed that the 
number of corpora lutea in the right ovary is more or less the same as the 
number of corpora lutea in the left ovary. Meanwhile, there is no real difference 
in activity between either ovary, and the pregnancy rate is similar whether 
ovulation occurs on the left or right ovary (Musa, 1979; Tibary and Anouassi, 
1997). Similar observations have been reported in the mare by Davies Morel and 
O'Sullivan (2001) as their results have shown that the incidence of ovulation 
occurring in the right ovary was the same as that of the left ovary. 
On the other hand, Yahaya et al. (1999) stated that the right ovary is 
significantly heavier and has more follicular fluid than the left one in different 
geographical conditions. Their explanation is based on the fact that the right 
ovary contained larger number of corpora lutea as a result of active oogenesis.  
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IV.2. Histological observations  
In the present study, the ovary of the camel is surrounded by simple 
cuboidal epithelium. This epithelial layer is underlined by a narrow zone of 
tunica albugenea consisting of dense irregular connective tissue. This confirms 
earlier findings reported by Abdalla (1965) and the recent findings of 
Mohammed (1996) and Salman (2001). Additionaly, similar accounts were 
presented by Bloom and Fawcett (1986) in man and Priedkalns (1981) and 
Banks (1993) in domestic animals. Tyeb (1948) reported that the camel ovary is 
covered by mesothelial layer and the lobule of Graafian follicles are surrounded 
by these epithelial cells. Fawcett (1986) added that the surface cells of the 
human ovary resemble the peritoneal mesothelium covering other abdominal 
and pelvic organs. An interaction between human ovarian surface epithelial cells 
and adjacent extra cellular-matrix has been described by Kruk et al. (1994). 
Further investigation on such interaction in the camel surface epithelial cells is 
needed. 
In the present study, the histological features of ovarian surface 
epithelium are not affected by seasons.  Furthermore, the tunica albugenea 
which underlined the epithelial cells was occasionally inconspicuous. Priedkalns 
(1981) in domestic animals attributed this observation to an increase in the 
ovarian activity. 
According to the present observations, the ovary consists of two zones; 
an outer layer or cortex and an inner vascular layer. This is in accord with the 
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observations of El-wishy and Hemeida (1984), Mohammed (1996) and Salman 
(2001). The same findings have been reported by Priedkalns (1981) and Banks 
(1993) in domestic animals with the exception of the mare in which this 
arrangement is reversed. The cortical tissue is limited to the ovulation fossa 
which is the only area covered by a layer of surface cuboidal epithelial cells.  
Investigations on the ovarian interstitial tissue have been recorded by 
Fawcett (1986) in human, Mohammed (1996) and Salman (2001) in the camel. 
They stated that the stroma of the ovarian cortex consists of a network of 
reticular fibres. Fawcet (1986) and Salman (2001) added that the ovarian stroma 
is made of spindle-shaped cells. Salman (2001) reported that in pregnant camel 
there are other cells including leukocytes of different types and plasma cells. 
These observations are confirmed by the present study in non-pregnant camel 
ovary. Furthermore; Salman (2001) suggested that the presence of large number 
of leukocytes during pregnancy is needed to preserve the ovarian milieu. This as 
well may be applicable to the present findings, as leukocytes were seen more 
frequently during autumn than in other seasons probably due to high ovarian 
activity. 
The interstitial gland cells of the ovary have been described by 
Priedkalns (1981) in rodents, queen and bitch and in human by (Fawcett and 
Jensh, 2002). In man, Fawcett (1986) stated that such cells are similar in 
appearance to the luteal cells and originate from hypertrophic theca interna layer 
of large size atretic follicle. They aggregate in islands of different shapes and 
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sizes which in turn are irregularly scattered among the stroma. The interstitial 
endocrine cells of ovaries of the bitch, queen and rodents could arise from the 
hypertrophied granulosa cells of the atretic preantral follicles (Dellmann and 
Eurell, 1998). In porcine, the capacity of the ovarian stroma to secrete steroids, 
under the control of luteinizing hormone (LH) has been described using tissue 
culture method (Leymarie and Savard, 1968; Erickson, Magoffin, Dyer and 
Hofeditz, 1985). Medurie, Hai,  Jolivet, Takemori, Kominami, Driancourt and 
Milgrom (1996) added that this ability is restricted in vitro to theca interna-
derived interstitial tissue but it is absent in other stromal cells. Gimbo and 
Zanghi (1979) and Mohammed (1996) stated that interstitial gland cells are 
never present in the camel ovary. Occasionally, in the camel, Nawar et al. 
(1978) stated that clusters of fat laden lutein cells persist for a time and appeared 
embedded in the cortical stroma after they replace the regressed corpus luteum. 
In the present study, similar findings are observed in the camel ovary. Such cells 
may have a similar role to interstitial gland cells which originated from 
degenerated follicles of other mammals as Salman (2001) noted a population of 
stromal cells with typical  characteristics of steroidogenic cells during early and 
mid stage of pregnancy  and disappeared during late pregnancy of camel. 
In the present study, the histological features of the primordial and 
primary follicles are similar to those described by Nawar et al. (1978). They are 
also similar to those described in the cow (Asdell, 1955) and buffalo (El- 
Shafey, 1972). Furthermore, the present investigation revealed that the oocytes 
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of such follicles showed eccentric nuclei with a prominent single nucleolus and 
occasionally two. Similar results have been reported by Weakley (1966) in 
primordial polyovular follicles of 8 days old golden hamster and by Kacinskis, 
Lucci, Luque and Bao (2005) in the cow. 
The Atretic form of the primary follicles reported in the present study is 
identical to that described by Nawar et al. (1978) in the camel and Abul-Fadle, 
Fahmy, and El-Shafey (1974) in the buffalo. However, the present study showed 
that the population of atretic primary follicles is much higher than intact ones of 
adult non-pregnant camel regardless of season. 
The general histological features of growing follicles of the camel ovary 
observed in the present study are in agreement with those described by Nawar et 
al. (1978) and Mohamed (1996); although Nawar et al. (1978) reported a small 
number of intact growing follicles all over the year while the majority were in 
different stages of atresia; such follicles were not seen in the present study 
during summer. Furthermore, growing follicles of different sizes surrounded by 
small bundles of collagenous fibres were encountered. 
Morphological features of intact antral follicles of the camel ovary have 
been reported by Tayeb (1948), Abdalla (1965), Nawar et al., (1978) and 
Mohammed (1996). The theca folliculi attained its maximal development in 
large or mature follicles, in which theca layer could be differentiated into theca 
interna and theca externa (Abdalla, 1965 and Mohammed, 1996). This is 
confirmed by the present study. However, Theca externa cells occur in some and 
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not all follicles of the camel and do not constitute a continuous layer; 
occasionally they appear as small clusters in the periphery of the follicle (Nawar 
et al., 1978). Usually, the cells of the theca foliculi externa appear as ordinary 
stromal cells and are more concentrated in the inner part of the layer than in the 
outer part (Nawar et al., 1978). In the present study, theca interna layer is not 
well developed. In agreement with Nawar et al., (1978) and Mohammed (1996), 
the cumulus oophorus of the ovarian antral follicles lacks the corona radiata. It 
was noted also that ovaries collected during autumn showed signs of increased 
ovarian activity compared to those of other seasons. These signs were mainly in 
the antral follicles in which intact large ones were predominant. Abdoon (2000) 
indicated that follicular growth and maturation are optimal during breeding 
season, and a higher number of follicles is detected during the breeding than the 
non-breeding season. 
In agreement with Nawar et al., (1978), the present study revealed that 
early signs of atresia in antral follicles are characterized by the detachment of 
the oocyte with a few cumulus cells from the granulosa layer. In cystic type of 
atretic antral follicles, the degenerated granulosa cells appear large, rounded and 
some of them show indistinct boundaries with highly vacuolated cytoplasm 
heavily laden with fat droplets. Their nuclei are pyknotic and peripherally 
located (Nawar et al., 1978). This is conformed by the present study although 
some of these nuclei are slightly normal and centrally located. 
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The she male camel is considered as induced ovulator and therefore 
normally only ovulates in response to mating (Novoa, 1970 and Musa, 1978). 
The follicular growth occurs in regular waves during breeding season (Musa et 
al., 1993). Ultrasonagraphic studies given by Skidmore, Billah and Allen (1997) 
revealed that in the absence of mating or ovulation inducing, mature follicles 
start to regress. According to those studies, the overlarge anovulatory follicles 
could be divided into 5 categories including thick walled structure with blood 
clot and fibrin strands within the cavity (haemorrahgic follicles). Such atretic 
follicles have been observed in the present study mainly in autumn. Hence, it 
may be reasonable to assume that the presence of such large follicles, especially 
during autumn is indicative of higher ovarian activity in this season. 
Recently, the mechanism by which granulosa cells death occurred is 
under intense investigations (Irving-Rodgers, Van Wezel, Mussard, Kinder and 
Rodgers, 2001). Although in the available literature no studies concerning 
granulosa cell death mechanism in the dromedary, many studies have been 
carried out in the other domestic animals. Most of these studies used both 
histological observations and biochemical methods for the detection of 
fragmented DNA. In bovine healthy and early atretic follicles, granulosa cells 
within the middle layers of the membrana granulosa die by a pathway different 
from that of granulosa cells close to the antrum. Those within the middle layers 
undergo apoptosis, showing the typical crescent-shaped condensation of 
chromatin, but apparently involving phagocytosis before any potential budding 
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of the nucleus and cell itself. In contrast, cells within the antrum, which had 
presumably originated from the granulosa layer closest to the antrum, exhibited 
features more consistent with cell death resulting from terminal differentiation, 
as previously described for other cell types (Van Wezel et al., 1999). Jolly, 
Smith, Heath, Hudson, Lun, Still, Watts, McNatty (1997) stated that most 
degenerated granulosa cells in follicles undergoing atresia display the 
morphological characteristics of apoptosis, suggesting that this is the most 
common pathway of cell deletion. In the present study, a few cells demonstrated 
condensed crescent shaped nuclei and others with marginal or homogenous 
condensed chromatin. Jolly et al. (1997) consider these findings as an early 
stage of apoptosis. However, typical signs of apoptosis that reported by Jolly et 
al. (1997) which are characterized by the presence of apoptotic bodies, were not 
observed in multilayered granulosa cells of camel atretic antral follicles. 
Furthermore, nuclear pyknosis and formation of densely staining bodies are 
frequently applied to cellular changes that occur during follicular atresia; these 
are necessarily specific for apoptotic cell death (Kerr et al., 1995). Accordingly, 
one of two alternative prevalent mechanisms for the formation of pyknotic 
nuclei remain in camel ovary: necrosis, or terminal differentiation cell death 
type. Further investigations will be needed to determine specifically the type of 
mechanism by which granulosa cells undergoing death. 
In the present study, the regression of the corpus luteum in the camel 
was of two types depending on the presence or absence of blood vessels in the 
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luteal tissue; vascular and avascular. The regression leads to the formation of 
corpus albicans which eventually is completely replaced by cortical stroma. 
Similar findings have already been reported by Nawar et al., (1978) and 
Mohammed (1996). In agreement with Nawar et al., (1978), regressed corpora 
lutea were observed during all seasons. Skidmore et al. (1997) stated that some 
of large anovulatory follicles can go on to become luteinized and produce 
significant levels of progesterone similar to that detected in the presence of 
corpus luteum. Similar features have been described in man and it was added 
that such follicles were difficult to be distinguished from the corpus luteum 
(Fawcet, 1986). 
According to Nawar et al. (1978), the regression of corpus luteum of the 
vascular type is more or less similar to that described in other domestic animals 
by (Deane, Hay and Moor 1966; Cupps, Anderson and Cole, 1969; Abul Fadl et 
al., 1974). The degenerating lutein cells become larger, heavily laden with fat 
and show indistinct cell boundaries with pyknotic eccentric nuclei (Nawar et al., 
1978); this is confirmed by the present findings. Van Niekerk, Morgenthal and 
Gerneke (1975) reported that the regressed corpus luteum of the mare of 20 days 
onwards shows two types of luteal cells degeneration: pyknosis associated with 
shrunken nuclei and very condensed cytoplasm, and karyolysis characterized by 
lysis of chromatin. Furthermore, a population of degenerated luteal cells in the 
present study showed dense rounded pyknotic nuclei or crescent-shaped nuclei 
associated with dense inclusions in the cytoplasm. These are morphologically 
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similar to apoptosis cell death mechanism that described by Kerr, Wyllie and 
Currie (1972) and Wyllie, Kerr and Currie (1980). Comparatively, the 
fragmentation of degenerated cells into apoptotic bodies which is characteristic 
of apoptosis described by Jolly et al. (1997) in ovine follicles, has not observed 
in the present study. 
The histological features of the ovarian medulla of the camel observed 
in this study is similar to that presented by Mohammed (1996) describing the 
dense irregular collagenous fibres and the many large coiled blood and 
lymphatic vessels with prominent valves. The present observation added that 
elastic fibres in the medulla could only be seen in the walls of the blood vessels. 
In accord with the description of Shehata (1964), medullary tubes were 
observed in about four out five ovaries examined and were either empty or 
contained secretion. In the present study, medullary tubes with secretion were 
narrower than empty ones. These variations in histological features are closely 
linked with season; since secretion within the lumina was observed in autumn 
while in other seasons the empty lumina were predominant. Earlier findings 
given by Shehata (1964) suggested that medullary tubes may not be vestigial 
embryonic structures but could fulfill an active endocrine function. The present 
findings in which the medullary tubes appeard more active during autumn, lend 
support to Shehata's suggestion. In contrast, Mohammed (1996) reported that 
such secretion was observed only in young camels while those of adults 
appeared empty. 
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The tubular structures in the ovary similar to Gartner's ducts reported by 
Mohammed (1996) in the ovarian medulla have not been described by Shehata 
(1964) nor have they been observed in the present study. Also, glandular acini 
associated with ducts were seen in the medulla of camel ovary (Mohammed, 
1996). Some of these acini consist of more than one cell type. Spindle shaped 
nuclei, seemed to be of myoepithelial cells were observed around some acini 
(Mohammed, 1996). Similar findings have been reported by Shehata (1978), 
who stated that Gartner's ducts together with secretory glandular accini could 
frequently be observed in tissue from the genital tract of young camels and 
frequently in the adults. However, in the present investigations, such structures 
have not been identified. 
IV.3. Electron microscopy 
The present histological and ultrastrucural observations revealed that 
camel ovarian stroma consisted of spindle shaped cells resembling fibroblast in 
morphology and a network of reticular fibres. This is in agreement with the 
account given by Salman (2001) in pregnant camels. In human, Channing (1969) 
was of the opinion that such stromal cells secrete less steroid than thecal cells in 
tissue culture. This steroid activity is also confirmed in porcine by Erikson et al. 
(1985) and Meduri et al. (1996) using tissue culture. Salman (2001) suggested 
similar role to the cells of the camel, but this has to await further investigation. 
The presence of leukocytes at the ultrastructural level confirms the 
present histological findings. This is also true of what has been described by 
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Salman (2001) in pregnant she camel. During the early stage of pregnancy, 
Salman (2001) reported a population of cells similar to plasma cells among the 
cortical stroma but they were slightly larger and contained dilated irregular 
cisternae of rough endoplasmic reticulum containing follicular material. It was 
suggested that these cells were either very active forms of plasma cells or 
protein-secreting cells (Salman, 2001). Such cells have not been identified in the 
present study. 
Leukocytes which are probably lymphocytes were identified in the 
ovarian stroma; they possibly migrate out of the blood vessels. This gains 
support the account of Brown (1981) referring to the ability of lymphocytes to 
move out through the soft tissues and organs, thereby providing immunologic 
defense for the host. 
The ultrastrctural observations have revealed that some of the 
degenerating follicular granulosa cells show signs of degeneration while others 
remain intact. This may be due to sections involving, in part, examined were in 
area of follicles in early stage of atresia. The degeneration signs included the 
presence of prominent nuclei of irregular shapes and marginal clumps of 
condensed chromatin. The histological observations are thus confirmed by the 
ultrastructural findings.  
In the large cystic follicles, the ultrastructural features of the granulosa 
cells, included accumulation of large lipid droplets, absence of cytoplasmic 
organelles and the presence of irregular nuclei are considered as evidence of 
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advanced degradation in the present study. These changes were observed 
simultaneously with the fragmentation of basal lamina. Similar observations 
have been described by Kovács, Fargó and Péczely (1992) in domestic goose 
follicles. They concluded that necrosis is the dominant cell death during 
follicular atresia. This could as well be true of the degenerated large antral 
follicles of camel ovary. Convolution of the basal lamina has been described in 
the bovine atretic antral follicles by Irving-Rodgers et al. (2001). These are 
somewhat similar to the present findings on cystic degenerated follicles. 
In the present study, luteal cells of regressed corpora lutea showed clear 
signs of degeneration. The numerous seceretory granules in the cytoplasm of 
intact luteal cells described by Salman (2001) were rarely observed in the present 
study. Furthermore, accumulation of large lipid droplets was frequently observed 
in cytoplasm of luteal cells of the non-pregnant camel. This is similar to the 
accounts given by Deane, Hay, Moor, Rowson and Short (1966) and Gemnel, 
Stacy and Thorburn (1976) on sheep large luteal cells of regressed corpora lutea. 
These workers consider this feature as a sign of impending luteal regression in 
which the cell has reduced capacity to convert cholesterol esters to steroid 
hormones. 
In the present study, the accumulation of dense bodies within the lutein 
cells noted with the light microscope, is consistent with the ultrastructural 
observations; which in turn indicates that these bodies are aoutophagic vacuoles 
located in the extracellular matrix i.e. cellular debris. Histochemical tests for the 
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presence / absence of hydrolytic enzymes is needed for the verification of this 
assumption. 
In the present study, ultrastructural investigations of luteal cells show 
clear signs of luteolysis. These were in the form of vacuolated dense bodies and 
large lipid droplets in the cytoplasm, disrupted cytoplasmic membranes and 
cellular debris in the extra cellular matrix. However, the majority of such cells 
with these features showed intact nuclei. Earlier histochemical studies carried by 
Abdalla (1960) on the camel ovary showed that lipid accumulation in luteal cells 
is unlikely to be the cause of regression of luteal cells. Al-zi'abi et al. (2002) 
added that accumulation of lipid is a late feature of the mare luteal regression.  
The overall picture is suggestive of the fact that death of vast majority of the 
camel luteal cells involves phagocytosis of cytoplasmic debris, a form of non-
apoptotic degeneration. This is similar to what has been proposed for the 
marmoset by Fraser, Lunn, Harrison and Kerr (1999). 
In the present findings, ultrastructural features of the ovarian 
components showed no variations related to season. 
IV.4.Morphometry 
There is no morphometric information pertaining to the estimation of 
volume fractions and absolute volumes of the different components of the camel 
ovary. The available studies focus mainly on the granulosa cell count in ovarian 
follicles in adult non-pregnant camels (Sghiri et al., 1999). They concluded that 
the morphological features of large follicles are not affected by season, since the 
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granulosa and theca cells are not related to season and ovulatory camel follicles 
contain 7-10 million of such cells. 
In the present study, volume fraction and absolute volume of cortex and 
medulla showed clear seasonal variations. The volume fraction of cortex as well 
as absolute volume were much higher during autumn, as they recorded 66.84% 
and 2.62 cm³ ±0.36 respectively, while those of other seasons were more or less 
similar. Meanwhile, absolute volume of the ovarian medulla showed gradual 
increase in winter and reached the peak in summer. The increased absolute 
volume of cortex and the decrease of medullary absolute volume could be 
attributed to the remarkable increase in the cortical components during this 
season. The gradual increase in the size of the medulla between seasons seemed 
to be due to the gradual decrease of these cortical components which in turn lead 
to decrease of cortex size. 
The volumetric composition of human ovary during the 
compartmentalization stage has been investigated by Sforza, Ferrario, DePol, 
Marzona, Forni and Forabosco (1993). At birth, most of the organ was 
composed of interstitial tissue (44.2% of the volume) followed by the medulla 
(20.3% of the volume). At 8 months, the somatic tissue formed the majority of 
the organ as the stroma occupied about 50% and the medulla 15% of the ovarian 
volume respectively. The volume fraction of ovarian stroma was slightly smaller 
than the volume fractions of the cortex given in the present study which 
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amounted to 62.15% and 59.02% of the volume of the left and right ovaries 
respectively.     
In the present study, the proportion of intact antral follicles as well as 
atretic antral follicles, were somewhat similar in both autumn and winter 
seasons. In non-pregnant she camel, Sghiri et al. (1999) stated that the 
proportion of active ovaries presenting active corpora lutea was higher during 
the peak of breeding season. Accordingly, the increase of volume fraction and 
absolute volume of the cortex in autumn compared to winter in the present 
findings may indicate that there is an increase in the volume proportion of other 
cortical structures probably active or regressed corpora lutea. Furthermore, such 
structures may be responsible for the higher proportion and absolute volume of 
the cortex in autumn. Considering both, the histological observations and 
morphometrical data of the present study, it seams reasonable to suggest that in 
the Sudan, the highest ovarian activity of the dromedary occurs during autumn. 
Sghiri et al. (1999) reported significant seasonal effects on the frequency of 
active ovaries, pregnant females and proportion of cystic ovaries and concluded 
that under semi-arid conditions and Moroccan photoperiodic changes, camels 
appear to be seasonal breeder. 
The summation of volume fraction and mean absolute volume of both 
intact and atretic follicles in sammer was found higher than winter and closely 
similar to those in autumn. Firstly, this could explain the increase of ovarian 
weight in summer compared to winter noted in the present study. Secondly, the 
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present findings may indicate that the follicular growth and maturation increase 
in summer and autumn lead to the formation of antral follicles of different sizes 
and decreases in winter, i.e. ovaries are more active during these seasons 
(summer and winter). A somewhat similar trend to that has been reported by 
Musa and Abu Sineina (1978) who concluded that the breeding season in the 
Sudan extends from March to August, as the ovarian activity with follicular 
growth occurs within this period. In Eastern Sudan, the Rashaida camels show 
two seasons with breeding peaks, the main one during and immediately after the 
rainy season, lasting from July to September, and the other one occurring in 
December / January (Köhler-Rollefson, Musa and Fadl Achmed, 1992). EL-
Wishy and Ghoneim (1986) stated that about 73% of the conceptions occur 
between April and September and the frequency increases steeply from April 
(6.2%) till July (22.6%) when the peak is achieved, then decreases to reach the 
lowest level (3.5%) during October and November. The above findings based on 
work carried out in Egypt are essentially in accord with the present 
histomorphometrical data. 
The present study revealed a high increase in volume fraction of atretic 
antral follicles and decrease of intact ones during summer. The histological 
examination of the dissected follicles from ovarian stroma of camel has been 
studied by Sghiri et al. (1999). It was found that the proportion of healthy 
follicles of different sizes was much higher during the peak of the breeding 
season as compared to the transition to the breeding season. Ultrasonographical 
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studies of the follicular dynamics of the camel, revealed that follicular growth 
and regression is a gradual and sequential process in absence of ovulation 
(Skidmore, Billah and Allen, 1996; Sahani, Vyas and Deen, 2003). As it is 
known that camels are induced ovulators (Novoa, 1970; Mosa an Abu Sineina, 
1978; EL-Wishy, 1987), the presence of high proportion of atretic follicles in 
dry season or summer in the present study may be due to failure of ovulation i.e. 
the lack of mating during this period. Furthermore, the low fertility in the 
beginning of breeding season has been reported by Sghiri et al. (1999). They 
stated that the large difference in the proportion of females ovulating in early 
breeding season (73.5%) and in the small proportion of pregnant females 
(13.1%) may indicate low quality of sperm during the early breeding season. 
However, Tingari and Moniem (1979) reported an increase in the activity of the 
testicular interstitial cells or leydig cells in the breeding season which extends 
from January to June. This activity is suggested to be parallel to that of 
spermatogenic epithelium (Tingari, Ramos and Saad, 1984). Hence, to ascertain 
whether the breeding season of male and female camels are exactly synchronous 
warrant further investigations. In the present findings, it is possible to suggest 
that breeding season of the female camel in Sudan starts in summer and reaches 
the peak or actual breeding season in autumn. 
In winter, the absolute volume of intact antral follicles was quite similar 
to that of autumn while typical absolute volume of atretic ones was identified 
during both seasons. Good explanation for these findings has been presented by 
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Sahani, Vyas and Deen (2003) using ultrasonography. They were of the opinion 
that apart from regular breeding season, folliculogenesis also takes place during 
subsequent non-breeding season in females, which do not conceive during 
breeding season. 
The comparison between left and right ovary revealed that the mean 
absolute volume of the right ovary is higher than the left one. Interestingly, the 
absolute volume of the cortex is quite similar in both ovaries. These findings 
could be attributed to the similarity in the ovarian activity of either ovary given 
by Musa (1979) and Tibary and Anouassi (1997). 
The medulla of the right ovary showed a slight increase in the volume 
density. Furthermore, the mean absolute volume of medullary blood and 
lymphatic vessels which are considered as luminal structures, was higher in the 
right ovary. This may explain the increase in the weight of the left ovary 
compared to the right one as indicated above. Also, another difference relating 
to the ovarian vasculature has been reported by Ghazi (1981) who stated that in 
the left and right ovaries, arteries branch of the aorta, but the left one originates 
approximately 2 cm more caudal than the right.   
 
 
 
 
 
 80
Summary and Conclusions 
• Morphological features and morphometrical analysis of the camel's ovary 
were carried out with the aim of studying the seasonal changes if any, and 
their role on the onset of the breeding season.   
• The study was carried out on 65 non-pregnant adult camels. Both right and 
left ovaries were collected during rainy season, winter and summer seasons. 
Ovaries were examined grossly, weighed and processed for histological and 
ultrastructural investigations. 
• Quantitative analysis revealed that the left ovary was much heavier than right 
one during all seasons. The highest weight of both ovaries was observed in 
autumn (4.89 cm³ ±1.86 and 4.18 cm³ ±1.14) for the left and the right ovary 
respectively while the least was noted in winter seasons (3.19 cm³ ± 1.10 and 
3.43 cm³ ±1.34). 
• Histological observations revealed that the ovary of the camel is generally 
similar to those described in other domestic animals. 
• Clusters of fat laden lutein cells were embedded in the cortical stroma 
replacing the regressed corpra lutea. The presence of such cells is suggestive 
of a role similar to that of the interstitial gland cells known in other animals. 
• Atretic antral follicles exhibited vacuolated follicular cells with pyknotic 
nuclei which were either condensed and crescent shaped, or rounded with the 
chromatin peripherally located. These findings were considered as an early 
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stage of apoptosis though the typical signs of apoptosis were not observed. 
Further investigations will be needed to determine specifically the type of 
mechanism by which granulosa cells undergo death.          
• The histological features of the ovary during different seasons showed little 
changes in the antral follicles of cortex and vestigial structures in the 
medulla. 
• There is an increase in the population of leukocytes in the ovarian stroma 
during autumn as compared to other seasons; this is probably due to high 
ovarian activity.  
• Embryonic remnants such as medullary tubes with secretion were narrower 
than the empty ones. These variations in histological features were closely 
linked with season; since secretion within the lumina was observed in 
autumn suggestive of its role in the ovarian activity. 
• Volumetric fractions and absolute volumes of the different components of 
the camel ovary were reported for the first time. 
• Analysis of the Morphometric data showed clear seasonal variations of the 
volume fraction and absolute volume of ovarian cortex and medulla. The 
volume fraction of cortex as well as absolute volume were much higher 
during autumn (66.84%) and (2.62 cm³±0.36) respectively compared to those 
of other seasons. This could be attributed to the remarkable increase in the 
cortical components during autumn. The increase of volume fraction and 
absolute volume of the cortex in autumn compared to that of other seasons is 
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indicative of an increase in the volume proportion of other cortical structures 
being active or regressed corpora lutea.  
• The present findings indicate that the ovaries are more active during summer 
and autumn thus leading to the formation of antral follicles of different sizes 
whereas, this activity decreases in winter. 
• The high proportion of the ovarian atretic follicles was found in summer 
(16.75%) with absolute volume (0.33 cm³±0.14) and this is probably linked 
with the lack of mating during this period. Further investigations will be 
needed to ascertain whether the breeding season of male and female camels 
are exactly synchronous. 
• The comparison between left and right ovary revealed that the mean absolute 
volume of the cortex is quite similar in both the left and right ovaries 
(respectively 2.20 cm³ ±0.52 and 2.16 cm³ ±0.45) i.e. ovarian activity of both 
the right and left ovaries is essentially the same.  
• The mean absolute volume of the medullary blood and lymphatic vessels 
being hollow structures, was higher in the right ovary and this may explain 
the increase in the weight of the left ovary compared to the right one. 
• In the large cystic follicles, the ultrastructural features of the granulosa cells, 
included accumulation of large lipid droplets, absence of cytoplasmic 
organelles and the presence of irregular nuclei. This is a sufficient evidence 
of advanced degradation and necrosis is the dominant type of cell death 
during follicular atresia. 
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• Concerning the regressed corpus luteum, ultrastructural investigations 
revealed the presence of aoutophagic vacuoles located in the extracellular 
matrix of the luteal cells. Histochemical tests for the presence / absence of 
hydrolytic enzymes is needed for the verification of this assumption.  
• Ultrastructural investigations of luteal cells showed clear signs of luteolysis. 
These were in the form of vacuolated dense bodies and large lipid droplets in 
the cytoplasm, disrupted cytoplasmic membranes and cellular debris in the 
extracellular matrix. The overall picture is suggestive of the fact that death of 
the vast majority of the camel luteal cells involves phagocytosis of 
cytoplasmic debris, a form of non-apoptotic degeneration. 
• Ultrastructural features of the ovarian components showed no variations 
related to season. 
• On the basis of the current histological observations and morphometric data, 
female camels are considered as seasonal breeders. Furthermore, breeding 
season in Sudan being in summer and reaches its peak or actual breeding 
season in autumn i.e. autumn is the season of the highest ovarian activity. It 
is difficult to explain why this activity is not synchronized with the rutting 
season of the male camel which occurs during winter.   
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  اﻟﻤﻠﺨﺺ واﻟﺨﻼﺻﺔ
 
ﻟﻤﺒѧﻴﺾ أﻧﺜѧﻰ اﻹﺑѧﻞ ( اﻟﻤﻮرﻓѧﻮﻣﺘﺮي )ﻓﻲ هﺬا اﻟﺒﺤﺚ ﺗﻤﺖ دراﺳﺔ اﻟﺴﻤﺎت اﻟﺸﻜﻠﻴﺔ و اﻟﻘﻴѧﺎس اﻟѧﺸﻜﻠﻲ  •
 . ودورهﺎ ﻓﻲ ﻇﻬﻮر ﻣﻮﺳﻢ اﻟﺘﻨﺎﺳﻞ– إن وﺟﺪت -ﺑﻐﺮض اﻟﺘﻌﺮف ﻋﻠﻰ اﻟﺘﻐﻴﺮات اﻟﻤﻮﺳﻤﻴﺔ 
ﻤѧﻦ ﺗﻤѧﺖ دراﺳѧﺔ آѧﻼ ﻣѧﻦ اﻟﻤﺒﻴѧﻀﻴﻦ اﻷﻳ . اﺟﺮﻳﺖ اﻟﺪراﺳﺔ ﻋﻠﻰ ﺧﻤﺲ وﺳﺘﻴﻦ ﻧﺎﻗﺔ ﺑﺎﻟﻐѧﺔ ﻏﻴѧﺮ ﺣﺎﻣѧﻞ  •
ﻓﺤѧﺼﺖ اﻟﻤﺒѧﺎﻳﺾ ﻋﻴﺎﻧﻴѧﺎ و أﺧѧﺬت أوزاﻧﻬѧﺎ وﻣѧﻦ . واﻷﻳﺴﺮ ﺧﻼل ﻣﻮﺳﻢ اﻻﻣﻄﺎر، اﻟﺸﺘﺎء و اﻟѧﺼﻴﻒ 
 .ﺛﻢ ﺗﻢ ﺗﺤﻀﻴﺮهﺎ ﻟﻠﻔﺤﻮﺻﺎت اﻟﻨﺴﻴﺠﻴﺔ واﻟﻔﺤﻮﺻﺎت اﻟﻨﺴﻴﺠﻴﺔ اﻟﺪﻗﻴﻘﺔ ﺑﺎﻟﻤﺠﻬﺮ اﻻﺧﺘﺮاﻗﻲ
أﻇﻬѧﺮ اﻟﺘﺤﻠﻴѧﻞ اﻟﻜﻤѧﻲ ان  اﻟﻤﺒѧﻴﺾ اﻷﻳѧﺴﺮ أﺛﻘѧﻞ وزﻧѧًﺎ ﻣѧﻦ اﻟﻤﺒѧﻴﺾ اﻷﻳﻤѧﻦ ﻓѧﻲ ﺟﻤﻴѧﻊ اﻟﻤﻮاﺳѧﻢ وأن  •
(  ﺟѧﻢ 41.1±  81.4 ﺟѧﻢ و 68.1±  98.4)  ﻟﻮﺣﻆ ﻓѧﻲ ﻓѧﺼﻞ اﻟﺨﺮﻳѧﻒ ﺑﻤﺘﻮﺳѧﻂ أوزان أﻋﻠﻰ وزن 
  ﺟѧﻢ91.3)ﻟﻠﻤﺒﻴѧﻀﻴﻦ اﻷﻳѧﺴﺮ واﻷﻳﻤѧﻦ ﻋﻠѧﻰ اﻟﺘѧﻮاﻟﻲ ، ﺑﻴﻨﻤѧﺎ أﻗѧﻞ اﻷوزان ُﺳѧﺠﻞ ﻓѧﻲ ﻓѧﺼﻞ اﻟѧﺸﺘﺎء 
 (.43.1± ﺟﻢ 34.3 و01.1±
 . أﻇﻬﺮت اﻟﺪراﺳﺔ اﻟﻨﺴﻴﺠﻴﺔ أن ﻣﺒﺎﻳﺾ اﻟﻨﻮق ﺗﺸﺒﻪ ﺑﺼﻮرة ﻋﺎﻣﺔ ﻣﺒﺎﻳﺾ اﻟﺤﻴﻮاﻧﺎت اﻷﺧﺮى •
ﺣﻆ وﺟﻮد ﺗﺠﻤﻌﺎت ﻣﻦ اﻟﺨﻼﻳﺎ اﻟѧﺼﻔﺮاء ﻣﻄﻤѧﻮرة ﻓѧﻲ ﺳѧﺪاة اﻟﻤﺒѧﻴﺾ آﺒѧﻮاﻗﻲ ﻟﻸﺟѧﺴﺎم اﻟѧﺼﻔﺮاء ﻟﻮ •
اﻟﻤﺘﻘﻬﻘﺮة، ورﺑﻤﺎ ﻳﻜﻮن ﻟﻬﺬﻩ اﻟﺨﻼﻳﺎ دورا ﻣѧﺸﺎﺑﻬًﺎ ﻟﻠﺨﻼﻳѧﺎ اﻟﻐﺪﻳѧﺔ اﻟﺒﻴﻨﻴѧﺔ اﻟﺘѧﻲ ﺗѧﻢ اﻟﺘﻌѧﺮف ﻋﻠﻴﻬѧﺎ ﻓѧﻲ 
 .اﻟﺤﻴﻮاﻧﺎت اﻷﺧﺮى
ﺗﺤﺘﻮي ﻋﻠﻰ أﻧﻮﻳﺔ ﻣﺘﻜﺜﻔѧﺔ وﺟﺪ أن اﻟﺠﺮﻳﺒﺎت اﻟﻨﺎﺿﺠﺔ اﻟﻤﺘﻘﻬﻘﺮة ﺗﺤﺘﻮي ﻋﻠﻰ ﺧﻼﻳﺎ ﺟﺮﻳﺒﻴﺔ  ﻣﺠﻮﻓﺔ  •
. ﺗﺄﺧﺬ اﻟﺸﻜﻞ اﻟﻬﻼﻟﻲ او اﻟﺸﻜﻞ اﻟﺪاﺋﺮي اﻟﺬي ﻳﺘﻤﻴﺰ ﺑﺘﻤﻮﺿѧﻊ ﻃﺮﻓѧﻲ ﻟﻠﻤѧﺎدة اﻟѧﺼﺒﻐﻴﺔ ( citonkyp)
ﻋﻠﻴѧѧﻪ اﻋﺘﺒѧѧﺮت هѧѧﺬﻩ اﻟﻨﺘѧѧﺎﺋﺞ آﻤﺆﺷѧѧﺮ ﻟﻤѧѧﻮت اﻟﺨﻼﻳѧѧﺎ اﻟﻄﺒﻴﻌѧѧﻲ ﻓѧѧﻲ ﻣﺮاﺣﻠѧѧﻪ اﻻوﻟﻴѧѧﺔ ﻟﻜѧѧﻦ اﻟﻌﻼﻣѧѧﺎت 
ﺒﻖ ﺿѧﺮورة اﺟѧﺮاء اﻟﻤﺰﻳѧﺪ ﻳﺘﺒﻴﻦ ﻣﻤѧﺎ ﺳѧ . اﻟﻨﻤﻮذﺟﻴﺔ ﻟﻤﻮت اﻟﺨﻼﻳﺎ اﻟﻄﺒﻴﻌﻲ ﻟﻢ ﺗﻼﺣﻆ ﻓﻲ هﺬا اﻟﺒﺤﺚ 
 .ﻣﻦ اﻟﺪراﺳﺎت ﻟﻠﺘﻌﺮف ﻋﻠﻰ ﺁﻟﻴﺔ ﻣﻮت اﻟﺨﻼﻳﺎ اﻟﺤﺒﻴﺒﻴﺔ ﺑﺼﻮرة دﻗﻴﻘﺔ
أوﺿﺤﺖ اﻟﺴﻤﺎت اﻟﻨﺴﻴﺠﻴﺔ ﻟﻠﻤﺒﻴﺾ وﺟﻮد ﺗﻐﻴѧﺮات ﻃﻔﻴﻔѧﺔ ﺧѧﻼل اﻟﻤﻮاﺳѧﻢ اﻟﻤﺨﺘﻠﻔѧﺔ ﺷѧﻤﻠﺖ آѧﻼ ﻣѧﻦ  •
 .ﻓﻲ ﻟﺐ اﻟﻤﺒﻴﺾ( اﻷﺛﺎرﻳﺔ)اﻟﺠﺮﻳﺒﺎت اﻟﻨﺎﺿﺠﺔ ﻓﻲ ﻗﺸﺮة اﻟﻤﺒﻴﺾ و اﻟﺘﺮاآﻴﺐ اﻟﻼوﻇﻴﻔﻴﺔ 
 زﻳﺎدة ﻓﻲ ﻋﺪد اﻟﺨﻼﻳﺎ اﻟﻤﻨﺎﻋﻴﺔ ﻓﻲ ﺳﺪاة اﻟﻤﺒﻴﺾ ﺧﻼل ﻣﻮﺳѧﻢ اﻟﺨﺮﻳѧﻒ ورﺑﻤѧﺎ ﻳﻜѧﻮن وﺟﺪ ان هﻨﺎﻟﻚ  •
 .هﺬا ﻧﺎﺗﺠﺎ ﻋﻦ اﻟﻨﺸﺎط اﻟﺰاﺋﺪ ﻟﻠﻤﺒﻴﺾ ﻓﻲ هﺬﻩ اﻟﻔﺘﺮة
ﻟﻮﺣﻆ أن اﻟﺒﻮاﻗﻲ اﻟﺠﻨﻴﻨﻴﺔ اﻟﻤﺘﻤﺜﻠﺔ ﻓﻲ اﻷﻧﺎﺑﻴﺐ اﻟﻠﺒﻴﺔ اﻟﻤﺤﺘﻮﻳﺔ ﻋﻠﻰ إﻓﺮاز ﻣﻨﻬﺎ أﺿﻴﻖ ﻣﻦ ﺗﻠѧﻚ اﻟﺘѧﻲ  •
 اﻹﻓѧﺮاز ﺑѧﺪاﺧﻞ ﺗﻠѧﻚ اﻟﺘﺠѧﺎوﻳﻒ ﻓѧﻲ ﻓѧﺼﻞ اﻟﺨﺮﻳѧﻒ ﻻ ﺗﺤﺘﻮي ﻋﻠѧﻰ إﻓѧﺮاز ، إﺿѧﺎﻓﺔ اﻟѧﻲ وﺟѧﻮد هѧﺬا 
 .اﻷﻣﺮ اﻟﺬي ﻳﺠﻌﻞ اﻗﺘﺮاح دور ﺗﻠﻌﺒﻪ ﺗﻠﻚ اﻷﻧﺎﺑﻴﺐ اﻟﻠﺒﻴﺔ ﻓﻲ اﻟﻨﺸﺎط اﻟﻤﺒﻴﻀﻲ ﻣﻤﻜﻨًﺎ
ﻟﻮﺣﻆ ﻣﻦ ﺧﻼل دراﺳﺔ اﻟﻘﻴﺎﺳﺎت اﻟﺸﻜﻠﻴﺔ وﺟﻮد ﺗﻐﻴѧﺮات ﻣﻮﺳѧﻤﻴﺔ واﺿѧﺤﺔ ﻓѧﻲ ﻣﺘﻮﺳѧﻂ ﺣﺠѧﻢ ﻗѧﺸﺮة  •
ل ﻣﻮﺳѧﻢ اﻟﺨﺮﻳѧﻒ ﺑﻨѧﺴﺒﺔ وﻟѧﺐ اﻟﻤﺒѧﻴﺾ، ﺣﻴѧﺚ وﺟѧﺪ ان ﻣﺘﻮﺳѧﻂ ﺣﺠѧﻢ اﻟﻘѧﺸﺮة أﻋﻠѧﻰ ﻣѧﺎ ﻳﻜѧﻮن ﺧѧﻼ 
هѧﺬﻩ اﻟﺰﻳѧﺎدة ﻓѧﻲ اﻟﺤﺠѧﻢ ﻳﻤﻜѧﻦ أن ﺗﻌѧﺰى إﻟѧﻲ اﻟﺰﻳѧﺎدة . ﻣﻘﺎرﻧѧﺔ ﺑﺎﻟﻤﻮاﺳѧﻢ اﻻﺧѧﺮى % 48.66ﺣﺠﻤﻴѧﺔ 
اﻟﻤﻘѧѧﺪرة ﻓѧѧﻲ اﻟﻨѧѧﺴﺒﺔ اﻟﺤﺠﻤﻴѧѧﺔ ﻟﺘﺮاآﻴѧѧﺐ اﻟﻘѧѧﺸﺮة ﺧѧѧﻼل ﻣﻮﺳѧѧﻢ اﻟﺨﺮﻳѧѧﻒ  آﻤﺆﺷѧѧﺮ ﻟﻠﺰﻳѧѧﺎدة اﻟﺤﺠﻤﻴѧѧﺔ 
 .ﻟﻸﺟﺴﺎم اﻟﺼﻔﺮاء ﺑﺼﻮرﺗﻬﺎ اﻟﺴﻠﻴﻤﺔ و اﻟﻤﺘﻘﻬﻘﺮة
ن ﻣﺒﺎﻳﺾ اﻟﻨﻮق ﺗﻜﻮن أآﺜѧﺮ ﻧѧﺸﺎﻃًﺎ ﺧѧﻼل ﻓѧﺼﻠﻲ اﻟѧﺼﻴﻒ و اﻟﺨﺮﻳѧﻒ أﺷﺎرت اﻟﺪراﺳﺔ اﻟﺤﺎﻟﻴﺔ إﻟﻲ أ  •
وهﺬا ﻳﺆدي ﺑﺪورﻩ اﻟﻲ ﺗﻜﻮﻳﻦ ﺟﺮﻳﺒﺎت ﻧﺎﺿﺠﺔ ﺑﺄﺣﺠѧﺎم ﻣﺨﺘﻠﻔѧﺔ ﺑﻴﻨﻤѧﺎ ﻳѧﻨﺨﻔﺾ هѧﺬا اﻟﻨѧﺸﺎط اﻧﺨﻔﺎﺿѧﺎ 
 .ﻣﻠﻤﻮﺳًﺎ ﻓﻲ ﻓﺼﻞ اﻟﺸﺘﺎء
ﺑﻤﺘﻮﺳѧﻂ  (  %57.61)وﺟﺪ أن أﻋﻠﻰ ﻧﺴﺒﺔ ﺣﺠﻤﻴﺔ ﻟﻠﺠﺮﻳﺒﺎت اﻟﻨﺎﺿﺠﺔ اﻟﻤﺘﻘﻬﻘﺮة ﻓﻲ ﻓﺼﻞ اﻟﺼﻴﻒ  •
ﻓѧﻲ هѧﺬا اﻟѧﺸﺄن . وهﺬا رﺑﻤﺎ ﻳﻜﻮن ﻟﻪ ﻋﻼﻗﺔ ﺑﻨѧﺪرة اﻟﺠﻤѧﺎع ﻓѧﻲ ﺗﻠѧﻚ اﻟﻔﺘѧﺮة ( ±41.0³ ﺳﻢ 33.0)ﺣﺠﻢ 
ﺗﺒѧѧﺮز اﻟﺤﺎﺟѧѧﺔ اﻟѧѧﻲ اﻟﻤﺰﻳѧѧﺪ ﻣѧѧﻦ اﻟﺪراﺳѧѧﺎت  ﻟﻠﺘﺄآѧѧﺪ ﻣѧѧﻦ ﺗѧѧﺰاﻣﻦ ﻣﻮﺳѧѧﻢ اﻟﺘﻨﺎﺳѧѧﻞ ﻓѧѧﻲ آѧѧﻞ ﻣѧѧﻦ اﻟѧѧﺬآﻮر 
    .واﻹﻧﺎث
اﻟﻘﻴﺎﺳﺎت اﻟﺸﻜﻠﻴﺔ اﻟﺘﻲ اﺟﺮﻳﺖ ﻟﻠﻤﻘﺎرﻧﺔ ﺑﻴﻦ اﻟﻤﺒѧﻴﺾ اﻷﻳﻤѧﻦ واﻷﻳѧﺴﺮ ﻟѧﻢ ﺗﻮﺿѧﺢ أﻳѧﺔ ﻓﺮوﻗѧﺎت ﺗѧﺬآﺮ  •
ﻋﻠѧﻰ (25.0±  ³ ﺳﻢ02.2 و 54.0± ³ ﺳﻢ61.2)ﻣﺘﻮﺳﻂ ﺣﺠﻢ اﻟﻘﺸﺮة ﺑﺎﻟﻨﺴﺒﺔ ﻟﻠﻤﺒﻴﻀﻴﻦ ﻣﺴﺠﻠﺔ ًﻓﻲ 
 .هﺬا ﻳﺪل ﻋﻠﻰ اﻟﺘﺸﺎﺑﻪ ﻓﻲ اﻟﻨﺸﺎط اﻟﻤﺒﻴﻀﻲ ﻋﻠﻰ ﻣﺴﺘﻮى اﻟﺠﺎﻧﺒﻴﻦ. اﻟﺘﻮاﻟﻲ
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 أﻋﻠѧﻰ ﻓѧﻲ - اﻟﺘѧﻲ ﺗﻌﺘﺒѧﺮ ﺗﺮاآﻴѧﺐ ﻣﺠﻮﻓѧﺔ -وﺟѧﺪ أن ﻣﺘﻮﺳѧﻂ ﺣﺠѧﻢ اﻷوﻋﻴѧﺔ اﻟﺪﻣﻮﻳѧﺔ واﻟﻠﻤﻔﺎوﻳѧﺔ اﻟﻠﺒﻴѧﺔ  •
ﻤﺒﻴﺾ اﻷﻳﺴﺮ و هﺬا رﺑﻤﺎ ﻳﻔﺴﺮ اﻟﺰﻳﺎدة ﻓﻲ ﻣﺘﻮﺳﻂ وزن اﻟﻤﺒѧﻴﺾ اﻷﻳѧﺴﺮ اﻟﻤﺒﻴﺾ اﻷﻳﻤﻦ ﻣﻘﺎرﻧﺔ ﺑﺎﻟ 
 .ﻣﻘﺎرﻧﺔ ﺑﺎﻟﻤﺒﻴﺾ اﻷﻳﻤﻦ
ﻋﻨﺪ دراﺳﺔ اﻟﺴﻤﺎت اﻟﻨﺴﻴﺠﻴﺔ اﻟﺪﻗﻴﻘﺔ ﻟﻠﺠﺮﻳﺒﺎت اﻟﻤﺘﻘﻬﻘﺮة اﻟﻜﻴﺴﻴﺔ، وﺟѧﺪ أن اﻟﺨﻼﻳѧﺎ اﻟﺤﺒﻴﺒﻴѧﺔ ﺗﺤﺘѧﻮي  •
ﻟﻌѧﻀﻴﺎت ﻋﻠﻰ أﻧﻮﻳﺔ ﻏﻴﺮ ﻣﻨﺘﻈﻤﺔ اﻟﺸﻜﻞ إﺿﺎﻓﺔ اﻟﻲ ﺗﺮاآﻢ ﻗﻄﻴﺮات دهﻨﻴѧﺔ آﺒﻴѧﺮة ﻣѧﻊ إﻧﻌѧﺪام وﺟѧﻮد ا 
ﻳﻌѧﺪ هѧﺬا دﻻﻟѧﺔ ﻋﻠѧﻰ أن هѧﺬﻩ اﻟﺨﻼﻳѧﺎ ﻓѧﻲ ﻣﺮاﺣѧﻞ ﻣﺘﻘﺪﻣѧﺔ ﻣѧﻦ اﻟﺘﺤﻠѧﻞ و أن . اﻟﺨﻠﻮﻳﺔ ﻓﻲ اﻟѧﺴﻴﺘﻮﺑﻼزم 
 (.اﻟﻨﺨﺮ)اﻵﻟﻴﺔ اﻟﺴﺎﺋﺪة ﻟﻤﻮت اﻟﺨﻼﻳﺎ هﻲ اﻟﻤﻮت اﻟﻤﻮﺿﻌﻲ 
أﻇﻬﺮت دراﺳﺔ اﻟﻤﺠﻬﺮ اﻻﻟﻜﺘﺮوﻧﻲ أن اﻟﺠﺴﻢ اﻷﺻﻔﺮ اﻟﻤﺘﻘﻬﻘﺮ ﻳﺤﺘѧﻮي ﻋﻠѧﻰ ﻓﺠѧﻮات ذاﺗﻴѧﺔ اﻟﺒﻠﻌﻤѧﺔ  •
هﺬﻩ اﻟﻨﺘﻴﺠﺔ ﺗﺤﺘﺎج إﻟﻲ اﻟﻤﺰﻳﺪ ﻣѧﻦ اﻟﺘﺄآﻴѧﺪ . ﻲ اﻟﺬي ﻳﻮﺟﺪ ﺑﻴﻦ اﻟﺨﻼﻳﺎ اﻟﻐﺮاﺑﻴﺔﺗﻮﺟﺪ داﺧﻞ اﻟﻨﺴﻴﺞ اﻟﺒﻴﻨ 
  .ﺑﺎﺳﺘﺨﺪام اﻟﻜﻴﻤﻴﺎء اﻟﻨﺴﻴﺠﻴﺔ ﻟﻤﻌﺮﻓﺔ اﻣﻜﺎﻧﻴﺔ وﺟﻮد اﻧﺰﻳﻤﺎت ﺣﺎﻟﺔ
  .ﻟﻢ ﺗﻈﻬﺮ أﻳﺔ إﺧﺘﻼﻓﺎت ﻣﻮﺳﻤﻴﺔ ﻋﻠﻰ اﻟﺘﺮاآﻴﺐ اﻟﻤﺨﺘﻠﻔﺔ ﻟﻠﻤﺒﻴﺾ ﻋﻠﻰ ﻣﺴﺘﻮى اﻟﻤﺠﻬﺮ اﻻﻟﻜﺘﺮوﻧﻲ •
ﻔﺤﻮﺻѧѧﺎت اﻟﻨѧѧﺴﻴﺠﻴﺔ واﻟﻘﻴﺎﺳѧѧﺎت اﻟѧѧﺸﻜﻠﻴﺔ ﺑѧѧﺄن أﻧﺜѧѧﻲ اﻻﺑѧѧﻞ ﻳﺨﻠѧѧﺺ ﻋﻨѧѧﺪ اﻷﺧѧѧﺬ ﻓѧѧﻲ اﻻﻋﺘﺒѧѧﺎر ﻧﺘѧѧﺎﺋﺞ اﻟ  •
ﻣﻮﺳﻤﻴﺔ اﻟﺘﻨﺎﺳﻞ و أن ﻣﻮﺳﻢ اﻟﺘﻨﺎﺳﻞ ﻓﻲ اﻟﺴﻮدان ﻳﺒﺪأ ﻓﻲ ﻓﺼﻞ اﻟﺼﻴﻒ و ﻳﺼﻞ اﻟﻲ ﻗﻤﺘﻪ ﻓﻲ ﻓѧﺼﻞ 
  .اﻟﺨﺮﻳﻒ اي ﺑﻤﻌﻨﻰ ﺁﺧﺮ ان اﻟﻨﺸﺎط اﻟﻤﺒﻴﻀﻲ ﻳﺼﻞ أﻋﻠﻰ درﺟﺎﺗﻪ ﻓﻲ ﻓﺼﻞ اﻟﺨﺮﻳﻒ
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Figure 1: Photomicrograph of a microscopic field illustrates point counting 
technique. Note: Lattice grid of 100 squares composed of 121 
intersections superimposed on the targeted tissue. 
 
H & E. X40.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: A photograph showing the right uterine horn (H) and right ovary 
(arrows) after removing the ovarian bursa (O). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: A photograph showing the irregular surface of the ovary. Note: 
follicles (arrows) in different sizes on the surface, hilus (H) and the 
ovarian ligament (O) extending to the dorsal borders of the broad 
ligament.     
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: A photograph showing the bean-shaped ovary with the ovarian 
ligament (arrows) of multiparous camel. Note the slightly reddish 
colour of the organ with a whitish area representing corpus albicans 
(C). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: A photomicrograph showing the ovarian surface covered by simple 
cuboidal epithelium (arrows). 
                  
Toloudine blue stain. X1000. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: A photomicrograph showing lymphocyte (L) and neutrophil cells 
among the cortical stroma.  
                  
Toloudine blue stain X1000. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
Figure 7: A photomicrograph demonstrating reticular fibres in the ovarian 
cortex. 
                              
 Gomoris reticulin stain. X500. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8: A photomicrograph of section in the ovarian cortex showing the 
presence of collagen fibres in the late atretic follicles (A) rather but 
not interstitial tissue (I). 
                  
Masson's trichrome stain. X100. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 9: A photomicrograph of part of the ovarian medulla showing large 
blood vessels (B) and the arrangement of dense irregular collagen 
fibres.  
                  
Masson's trichrome stain. X100. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
Figure 10: A Photomicrograph of ovarian medulla showing reticular fibres 
among blood (B) and lymphatic (L) vessels. 
                  
Gomoris reticulin stain. X250. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11: A photomicrograph from part of the ovarian medulla showing large 
thick walled blood vessels (B) with elastic fibres (arrows). 
                  
Verhoeff's stain. X100.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12: Magnification of part of figure 11 showing the arrangement of dense 
elastic fibres (arrows) in the blood vessel (B) wall. 
                  
Verhoeff's stain. X250.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13: Higher magnification in the ovarian medulla showing two 
eosinophils (E1 and E2). (E1)  inside capillary and (E2)  among stromal 
cells.  
                  
H&E. X1000. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 14: A photomicrograph of section showing medullary tubes with dilated 
empty lumen (L). Notice the cuboidal lining epithelium cells 
(arrows). 
                 
 H&E. X250.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 15: A photomicrograph of section in the ovarian medulla showing 
medullary tubes with narrow lumen (L) contains secretion. 
 
 H&E. X250.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 16: Higher magnification of section showing the secretion (arrows) in 
the lumen of medullary tubes. 
                 
 H&E. X500.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 17: High magnification of section near the ovarian surface showing the 
primordial follicle (F). Note: the single layer of flattened follicular 
cells (arrows). 
                 
 Toloudine blue stain. X1000.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 18: Higher magnification of section showing primary follicle with 
oocyte (O) surrounded by single layer of cuboidal follicular cells 
(arrows). Note: the eccentric nucleus (N) with prominent nucleolus.  
                 
 Toloudine blue stain. X1000.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 19: A photomicrograph showing the primary follicle. Note: two nucleoli 
(arrows) exist in the nucleus (N) of the oocyte (O). 
                  
Toloudine blue stain. X1000.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 20: A photomicrograph of section in the ovarian cortex showing atretic 
primary follicle. Note: the irregular oocyte (O) and degenerated 
follicular layer cells (arrows). 
                  
H&E. X500.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 21: A photomicrograph of section in the ovarian cortex showing 
growing follicle. The central oocyte (O) is surrounded by several 
layers of granulosa cells (G) which rest on distinct basement 
membrane (arrows).  
                 
 H&E. X250. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 22: A photomicrograph showing two growing follicles (G) surrounded 
by collagen fibres (arrows).  
                 
 Masson's trichrome stain. X250.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 23: A photomicrograph in the section of the large antral follicle. The 
antrum (A) and the peripheral oocyte (O) surrounded by cumulus 
cells (C). Notice zona pellucida (arrows) and the absence of the 
corona radiata. 
 
 H&E. X250. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 24: A photomicrograph showing the follicular layers of the large antral 
follicle, the antrum (A), granulosa layers (G), theca interna (I) and 
theca externa (E). Note: stratified basal follicular cells resting on the 
basement membrane (arrows). 
                 
 Masson's trichrome stain. X250.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 25: A photomicrograph of section in the ovarian cortex showing 
degenerated small antral follicle. Notice that: partitions (arrows) of 
thecal origin (T) consisting of reticular fibres invaded the antrum 
(A). 
                  
Gomoris reticulin stain. X10.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 26: A higher magnification of section in degenerated small antral follicle 
showing highly folded layer (G) and degenerated follicular cells 
(arrows). Note: dense reticular fibres at the centre of the antrum (A). 
                 
 Gomoris reticulin stain. X50.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 27: A photomicrograph showing early signs of atresia of large antral 
follicle. The oocyte (O) is detached from granulosa layer (G) with 
cumulus cells (arrows) and become free in the antrum. Notice the 
hyalanized theca layer (T).  
                 
Masson's trichrome stain. X250.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 28: A photomicrograph showing the thecal (I) and the follicular (F) 
layers of cystic degenerated follicle. Note: accumulation of lipid 
inclusions (arrow) in the follicular cells cytoplasm. 
 
Toloudine blue stain. X1000 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 29: A photomicrograph of section in the cortex showing interstitial 
tissue (I) and cystic degenerated follicle with highly atrophied 
granulosa layer (arrows) and hayalanized theca layer (T). 
                 
 Masson's trichrome stain. X100. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 30: Higher magnification from figure 29 showing the glassy membrane 
(G) and single layer of flattened degenerated granulosa cells 
(arrows). 
                   
Masson's trichrome stain. X250.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 31: A photomicrograph of granulosa layer cells of antral follicle 
showing nuclei with marginal condensation of chromatin (arrows) 
and pyknotic nuclei with condensed chromatin of cells (P) towards 
the antrum. 
  
H&E.  X1000. 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 32: A photomicrograph of section in the cortex showing regressed 
corpus luteum of vascular type. Note the thick capsule (C) and 
degenerated centre (D). 
                 
 Masson's trichrome stain. X40. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 33: Magnification of the figer 32 showing thick walled arterioles 
(arrows) and yellowish degenerated luteal cells (L). 
                 
 Masson's trichrome stain. X250.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 34:  high magnification of section in regressed corpus luteum showing 
large luteal cell with eccentric nucleus (N) and the cytoplasm (C) 
packed with numerous vacuoles. Note: other luteal cell shows 
shrinking nucleus (arrows). 
                 
 Toloudine blue stain. X1000.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 35: A photomicrograph showing dense bodies among luteal tissue 
(arrows) and another one of intracellular location (D). 
 
Toloudine blue stain. X1000.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 36: A photomicrograph of section in the cortical interstitial tissue (C) 
showing an island of the spherical cells with eccentric nuclei 
(arrows). 
                 
 H&E. X250.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 37: A photomicrograph of section in the cortex showing the 
haemorrahgic follicle. Note: the antrum (A) filled with blood, 
degenerated granulosa (G) layer and hayalanized theca layer (T).  
                 
 H&E. X100. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 38: Magnification of figure 37 showing the red blood cells (arrows) 
among degenerated granulosa layer cells (D). 
                 
 H&E. X250. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 39: Electron micrograph of ovarian cortex showing spindle shaped cells 
with elliptical nuclei (N). Note: extracellular matrix contained 
collagen fibres (arrows). 
  
Lead citrate and uranyl acetate stain. X5000. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 40: Electron micrograph showing stromal spindle shaped cells. Note: the 
indentation (I) of the nucleus (N) and the cytoplasmic process (C).  
 
Lead citrate and uranyl acetate stain. X7200 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 41: Electron micrograph showing a blood vessels (B) and neighboring 
stromal tissue. Note: macrophage with eccentric nucleus (N) and 
secondary lysosome (L), endothelial cells (E) and and smooth muscle 
cells (arrows). 
  
Lead citrate and uranyl acetate stain. X4000 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 42: Electron micrograph showing leukocyte (L) migrated from blood 
vessels. 
  
Lead citrate and uranyl acetate stain. X2700. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 43: Higher magnification of figure 42 showing migrated leukocyte. 
Notice indentation of the nucleus and narrow cytoplasm.   
 
Lead citrate and uranyl acetate stain. X5000. 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 44: Electron micrograph showing granulosa layer of antral follicle. 
Kidney-shaped nucleus (M) with clumps of chromatin, marginal 
condensation of chromatin (arrows) and electron dense body (B) in 
the cytoplasm. 
 
Lead citrate and uranyl acetate stain. X2700. 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 45: Electron micrograph of degenerated cystic follicle showing one layer 
of granulosa cells with irregular nuclei (N) and vacuolated cytoplasm 
resting on a fragmented basal lamina (arrows).  
 
Lead citrate and uranyl acetate stain. X5000. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 46: Electron micrograph of degenerated cystic follicle showing 
granulosa cell with eccentric nucleus (N) and disrupted cytoplasm 
(C) contains vacuoles including large lipid droplets (L). 
 
Lead citrate and uranyl acetate stain. X5000. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 47: Electron micrograph of regressed corpus luteum showing 
degenerated luteal cell. Note: heterochromatin and the prominent 
nucleolus (U) in the nucleus (N) and few secretory granules (arrows), 
degenerated mitochondria (M) and vacuolated dense body (V) in the 
cytoplasm.    
 
Lead citrate and uranyl acetate stain. X5000. 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 48: Electron micrograph of degenerated luteal cell showing disrupted 
dense smooth endoplasmic reticulum (arrow) and part of a nucleus 
(N). 
 
Lead citrate and uranyl acetate stain. X8000. 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 49: Electron micrograph of degenerated luteal cells showing intact 
nucleus (N) and extracellular organelles (arrows).   
 
Lead citrate and uranyl acetate stain. X4000. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 50: Higher magnification of figure 49 showing autophagic vacuole 
contains degenerated organelles (arrows) in the excessive 
extracellular matrix (Ex). 
 
Lead citrate and uranyl acetate stain. X4000. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
